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MO DPAU

1. Tong quan tinh hinh nghién ciru trong va ngoai nwéc

Trong nhitng nim gan ddy, cung voi xu hudng phét trién cac vat lidu sinh hoc
than thién v6i moi trudng, viée nghién ctru va ing dung céac polysaccharide ty nhién
ngay cang dugc quan tam rdng rai trén toan thé gid1, dac bi¢t trong cac linh vyc thuc
pham, dugc pham va y sinh hoc. Cac polysaccharide ndy, nhd c6 ngudn gbc tu nhién,
kha nang phan hay sinh hoc va tinh tuong thich sinh hoc cao, dang dugc xem la giai
phap thay thé tiém nang cho céc vat liéu tong hop truyén thong gay 6 nhiém mai truong.

Trong s6 d6, pectin methoxyl hoa thap (Low Methoxyl Pectin — LMP) ndi bat
nhu mot vat li¢u sinh hoc da chirc nang véi nhiéu vu diém vuot trdi. Nhd ham luong
nhém methoxyl thap (<50%), LMP c6 kha ning tao gel bén viing trong méi truong co
mit cac ion da hoa trj (dic biét 1a Ca?*) thong qua co ché “hop trimg (egg-box model)”.

Céu trac mang gel nay gitip pectin duy tri do 6n dinh co hoc tét, dong thoi dicu
chinh duoc tdc do giai phong hoat chit trong cac hé dan truyén dugc chit hodc thuc
pham chtrc nang. Ngoai ra, LMP con duoc danh gia cao boi tinh phan hity sinh hoc tu
nhién, tinh tuong thich sinh hoc cao, khong gay doc tinh, va kha niang bién tinh linh hoat
khi két hop véi cac polymer tu nhién khac nhu alginate, chitosan hodc gelatin dé tao ra
cac hé vat liéu moi ¢ tinh nang vuot troi.
1.1. Tinh hinh nghién ctru trong nuéc

Trong nudc, mdt s6 cong trinh nghién ctru gan dy da budc dau khai thac tiém ning
tmg dung cta pectin methoxyl hoa thip trong cac linh vuc thuc phdm chirc ning, mang
bao sinh hoc va hé¢ van chuyén hoat chat sinh hoc, qua d6 khang dinh vai trd quan trong
ctia polysaccharide tu nhién nay trong phat trién vat liéu than thién véi méi trudng.

Cu thé, Bui Thi Thu Ha va cdng sy (2021) [1] tai Vién Cong nghé madi1 — Vién Khoa
hoc va Cong nghé Quan sy, B Qubc phong di ing dung cong nghé enzyme trong san
xudt cac chat xo hoa tan nhu inulin, inulo-oligosaccharide va pectin, nham phat trién
thuc phém chirc ning hd tro tiéu héa cho bo doi 1am nhiém vu dic biét. Két qua nghién
ctru cho thiy san phdm chira pectin c6 hiéu qua rd rét trong cai thién tinh trang tio bon,
can bang hé vi sinh duong rudt va nang cao sirc khoe tiéu hoa tong thé, qua d6 khang

dinh tiém ning tng dung cua pectin trong phat trién thyc phim dinh dudng.
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Bén canh do, Nguyén Trong Thang va cong sy (2021) [2] tai Hoc vién Nong nghiép

Viét Nam d3 tdn dung phu phdm noéng nghiép — vo qua chanh day tia (Passiflora edulis
Sims.) — dé chiét tach pectin va phdi tron véi alginate, két hop glycerol va ion Ca2* nham
ché tao mang sinh hoc pectin—alginate. Mang thu dugc c6 d6 day trung binh 0,139 mm,
d6 bén kéo 30,84 MPa, dong thoi giup giam tdc d6 mat khdi lwong va hao hut nuée cua
qua chanh day, kéo dai thoi gian bao quan thém 4 ngay so v6i ddi chimg. Nghién ctu
nay chtng minh tinh kha thi cua viéc tdn dung phu phdm dé san xuit mang sinh hoc
phan hiy sinh hoc, dong thoi mo rong tng dung cia LMP trong bao gdi va bao quan
thuc pham tuoi.

Ngé Thi Minh Phuong va Tran Thi X6 (2017) [3] di nghién ctru mang pectin—
chitosan duoc tao tir pectin chiét xuét tir 1a swong sdm, nham danh gia tinh chét co hoc
va kha nang khang vi sinh vat. Két qua cho thiy mang pectin—chitosan véi ty 1& phdi
tron 50:50 dat d6 bén kéo cao, dd thAm hoi nudce thép, déng thoi thé hién kha nang uc
ché vi sinh vat ddng ké, ching to su twong tac dién tich giita pectin (mang dién 4m) va
chitosan (mang dién duong) tao nén phirc polyelectrolyte bén viing, gop phan cai thién
hiéu nang co hoc va tinh 6n dinh cua mang.

Ngoai ra, Nguyén Cam Huong va Nguyén Bich Ngoc (2017) [4] dd tng dung
pectin chiét xuat tir nha dam (4loe vera) dé tao vi nang chtra curcumin c6 kich thudc
nho hon 1 pm, gitp cai thién kha ning phan tan va 6n dinh cta hoat chét trong moi
truong nude. Phan tich bang Laser Diffraction Spectrometry cho thiy cac hat pectin—
curcumin cé kich thudc phan bd hep, do 6n dinh cao, va hiéu suit bao goi tdt, qua do
ching minh kha nang sir dung pectin tu nhién thay thé pectin thuong mai trong cac hé
dan truyén hoat chét sinh hoc. Cong trinh nidy mé ra huéng img dung LMP trong linh
vuc duoc phém va cong nghé nano sinh hoc.

Tir cac két qua nghién ctu trong nudc c6 thé nhan thdy rang, LMP 1a mot
polysaccharide tu nhién c6 tiém ning ing dung rong rai trong nhiéu linh vyuc khac nhau,
dic biét 1a trong thuc phim va duoc pham. Trong thuc phdm, LMP thé hién chic ning
sinh hoc rd rét thong qua kha ning cai thién strc khoe tiéu hoa, cAn bang hé vi sinh dudng
rudt va nang cao hiéu qua hép thu dinh dudng. O linh vuc vat liéu sinh hoc, LMP cho
thay tinh chit co hoc tot, 6 bén mang cao, kha ning tuong tac dién tich voi cac polymer
mang dién trai ddu nhu chitosan dé hinh thanh phirc polyelectrolyte bén viing, gop phan

nang cao hi€u nang va tinh 6n dinh cia mang sinh hoc. Ngoai ra, LMP con c6 kha ning
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tao vi nang & kich thudc submicron, gitp cai thién do phan tan, on dinh va kha ning dan

truyén cac hoat chat kém tan trong méi trudng nude. Nhimg dic tinh nay khang dinh
LMP khong chi 1a nguyén liéu c6 gia tri trong phat trién thyc phdm chirc ning, ma con
13 vat liéu sinh hoc tiém ning cho cong nghé bao goi, bao quan va din truyén hoat chat
sinh hoc, phit hop véi xu huéng phat trién vat liéu xanh va bén viing hién nay.

1.2. Tinh hinh nghién ctru ngoai nwée

Trén thé gidi, cac polysaccharide ti nhién néi chung va pectin methoxyl hoa thap
no6i riéng da thu hit su quan tdm dang ké trong nhitng ndm gan day nho dic tinh tao gel
v6i ion hoa tri hai (ddc biét 1a Ca?"), cung vai tinh an toan, kha nang phan huy sinh hoc
va tuong thich sinh hoc cao. Chinh vi vay, LMP da dugc xem nhu mot vat li¢u sinh hoc
tiém nang trong cac hé dan truyén duoc chat va cac hé bao goi hop chat ¢ hoat tinh sinh
hoc, bao gdm chét chéng oxy hoa va chat khang khuan.

Jantrawut va cong su (2013) [5] di nghién ctru anh hudng cua cau trac gel LMP
dén kha ning giai phong rutin tir cac hat gel calcium pectinate. Két qua cho thiy tinh
chét co hoc va cdu triic mang gel ¢ vai tro quyét dinh trong viéc diéu chinh toc d6 va
murc do giai phong hoat chat, dong thoi khang dinh tiém ning ciia LMP nhu mot hé nén
kiém soat giai phong cac hop chat chéng oxy hoa ty nhién.

Bén canh d6, Wong va cong su (2010) [6] d& phét trién ma tran pectin lam hé mang
thudc dudng udng hudng dich diéu tri ung thu dai trang. Nghién ctru chimg minh rang
céc hat thudc nén LMP c6 kha niang chiu dugc méi trudng pH thap cua da day, nhung
dé dang bi phan hily béi hé vi sinh vat tai dai trang, gitip giai phong hoat chat diing vi
tri mong mudn. Co ché nay gép phan nang cao hiéu qua diéu tri tai vi tri dich, ddng thoi
giam thiéu tac dung phu, thé hién wu thé vuot troi cia LMP trong dan truyén thue
hudng dich dai trang.

Chambin va cong sy (2006) [7] da nghién ciru anh hudng cia dic tinh lién két chéo
(reticulation) trong qua trinh tao hat pectin—calcium d6i v6i hiéu nang dan truyén thude.
Két qua cho thiy ndng do ion Ca?* va diéu kién tao cdu trac gel anh hudng truc tiép dén
d6 bén co hoc, kha ning truong né va dong hoc giai phong dugc chét, qua dé khang
dinh vai trd quan trong cta viéc hinh thanh lién két chéo trong thiét ké hé phan phdi
thudc dya trén pectin.

Tuong tu, Jung va cong su (2013) [8] dd phat trién cic hat hydrogel pectin dugc

bién tinh dién tich, nham cai thién kha ning hudéng dich dai trang. Nghién ctru chi ra



4
r@ing su diéu chinh mat d6 nhém carboxyl va dién tich bé mat gilip nang cao do 6n dinh

cta hat gel trong dudng tiéu hoa va kiém soat hiéu qua qua trinh phong thich hoat cht,
mo rdng trién vong tng dung ciia LMP trong cong nghé bao ché thudc tién tién va dan
truyén duoc chit dic hiéu.

Céc két qua nghién ctru cho thiy LMP 1a mot vat liéu sinh hoc da ning, co kha
ning tao mang gel bén viing, kiém soat giai phong duge chat va tuong thich tot véi he
sinh 1y duong rudt. Nho d6, LMP dang dwgc xem 13 nén vat lidu day trién vong trong
phat trién cac hé dan truyén thudc hudng dich dai trang, pht hop voi xu hudng hién dai
hoa cong nghé bao ché va phat trién vat lidu sinh hoc xanh, bén viing trong dugc pham
va cong nghé nano sinh hoc hién nay.

2. Tinh cap thiét

Céc bénh ly duong rudt dang c6 xu hudng gia ting nhanh chong trong nhiing
niam gan day, cha yéu do ché d6 an udng thiéu can dbi, cing thang tam 1y va 16i song it
van dong cua con ngudi hién dai. Nhitng bénh nay khong chi anh huong tryc tiép dén
sttc khoe thé chat ma con lam suy giam chit luong cudc sdng, gia ting ganh ning y té
va chi phi diéu tri.

Trong bdi canh d6, viéc phat trién cac hé thong phan phdi tic nhan hd tro diéu tri
huéng dich dén duong rudt tré thanh mot hudng nghién ciru duoc dic biét quan tam.
Trong sb cac vat liéu tiém ning, pectin — mot polysaccharide tw nhién c6 ngudn goc thuc
vat — dugce xem 13 lya chon trién vong nho tinh an toan, kha nang phan huy sinh hoc va
tuong thich sinh hoc cao. Pic biét, pectin ¢6 kha ning chdng chiu méi trudng acid ciia
da day, dong thoi bi phan giai boi hé vi sinh vat rudt gia, gitip giai phong hoat chat dung
vi tri dich sinh 1y.

Viéc tng dung pectin 1am hé mang phan phdi dugc chat hoidc loi khuan khong
chi gop phén toi wu hiéu qua diéu tri va giam tac dung phy, ma con dap tng xu hudéng
phat trién cac hé dan truyén sinh hoc an toan, than thién véi co thé va bén viing. Do do,
nghién ctru khai thac va t6i vu hoa hé phan phdi hoat chét dua trén nén pectin 1a cip
thiét, c6 y nghia khoa hoc va thuc tién cao trong dinh huéng phat trién cac giai phap
diéu tri bénh duong rudt hién nay.

3.  Muc tiéu nghién ctru
- Ung dung pectin methoxyl hoa thip tao vién nang bao géi tac nhan chita bénh

duong rudt.
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- Danh gia hiéu qua cua pectin trong viéc bao goi va giai phong tac nhan trong

dich gia dinh duong ruot.
4. Cach tiép can

Dé tai duogc trién khai dwa trén su két hop gitra tiép can 1y thuyét va thuc nghiém,
nhim dam bao tinh toan dién, khoa hoc va kha ning tng dung thyc tién cua két qua
nghién cuu.

- Tiép can tir 1y thuyét:

Nghién ctru dugc tién hanh trén co s6 tong quan hé théng cic cong trinh trong va
ngoai nudc lién quan dén viéc tmg dung pectin methoxyl héa thap trong hé thong phan
phdi duoc chat huéng dich. Cac dic tinh hoa 1y, cau tric polymer, ciing nhu kha ning
tao gel ion hoa cia LMP s& dugc phén tich va 1am rd, nham xay dung co so khoa hoc
cho co ché bao goi va giai phong tac nhan hoat tinh trong méi trudng mé phong duong
rudt. Qua do, dé tai dinh hudng duoc cac yéu td anh hudng dén hiéu suat bao géi, do
bén ciu trac va dong hoc giai phong cua hé vat lidu.

- Tiép can tir thuc tién:

Trén co s 1y thuyét da xac lap, nghién ctru tién hanh thuc nghiém tao hat pectin
bang phuong phap tao gel ion hoa, trong d6 cac ion Ca?* dong vai tro cau ndi lién két
giita cac chudi pectin mang dién tich 4m, hinh thanh mang ludi gel bén viing. Cac mau
thu dugc s& duoc danh gia hiéu suit bao gbi tac nhan hoat tinh bang phuwong phap phd
héap thu UV—Vis, dong thoi theo ddi dong hoc giai phong trong dich tiéu hoa gia dinh dé
mo phong diéu kién sinh 1y ctia duong tiéu hoa nguoi. Cau triic hinh thai va bé mat hat
dugc khao sat bang kinh hién vi dién tir quét (SEM) nham xéac dinh mdi twong quan giita
dic diém cau trac va kha nang giai phong.

Két qua nghién ctru du kién sé& cung cép co sO khoa hoc va thuc nghi¢m cho viéc
dé xuat quy trinh (mg dung pectin methoxyl hoa thap trong phat trién hé phan phdi tac
nhan sinh hoc hudng dich dén duong rudt, gop phan mo rong tiém ning Gmg dung cua
vat li¢u polysaccharide ty nhién trong linh vuc duogc phém va thuc phém chtrc nang.

5. Poi twong va pham vi nghién ctru
Dé tai nay nghién ctru trén cac dbi twong sau:
- Pectin methoxyl hoa thip (LMP), pectin methoxyl hoa thip amid hoa (ALMP).
- T4c nhan hd trg diéu tri bénh duong rudt: Quercetin.

Pham vi nghién ctru: Nghién ciru trong diéu kién mé phong in vitro.



6. Phuong phap nghién ciru
- Tao vién nang bao goi: Két hop pectin methoxyl héa thip (LMP, ALMP) véi tac
nhan hd tro diéu tri bénh duong rudt, tao vién nang béng cach stir dung ion hoa tri hai dé
tao ra gel trt LMP, ALMP.
- Banh gia hiéu qua bao goéi va giai phong:
+ Xac dinh hiéu suét bao goi bang quang phdé UV-Vis.
+ Panh gia tc do, ty 1¢ giai phong tac nhan trong dich gia dinh dudng rudt.
- Phén tich dic tinh vién nang: Quan sat hinh dang va cau trac bé mit vién nang bang
kinh hién vi dién tir quét (SEM).
7.  N¢i dung nghién ciru
Noi dung nghién ctru bao gom:
- Tao vién nang tir pectin methoxyl hoa thap (LMP, ALMP) két hop tac nhan hd tro
diéu tri bénh duong rudt béng cach st dung ion hoa tri hai.
- Béanh gia hi¢u qua bao gdbi va gidi phong tac nhan:
+ Xac dinh hiéu suét bao goi bang quang phdé UV-Vis.
+ Panh gia toc do, ty 1¢ giai phong tac nhan trong dich gia dinh dudng rudt.
- Phén tich dic tinh vién nang: Quan sat hinh dang va cau trac bé mit vién nang bang

kinh hién vi dién tir quét (SEM).
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CHUONG 1. NOI DUNG NGHIEN CUU - TONG QUAN LY THUYET

1.1. Tong quan vé pectin
1.1.1. Gidi thiéu chung

Pectin 1a mot polysaccharide tw nhién c6 ciu trac phirc tap, phan bd rong rii trong
thanh té bao so cip va 16p gian bao ciia thyc vat bac cao. Hop chét nay dong vai tro quan
trong trong vi¢c duy tri cAu tric, 30 bén va tinh toan ven ctiia mo thuc vat. Pectin duoc
tim théy v61 ham lugng cao trong vo cac loai qua c6 mui (cam, chanh, buoi) va tao, la
ngudn nguyén lidu chinh dé san xuét pectin thuong mai.

. T
C

/ 6\06(1)

Hinh 1.1. Cdu triic cia acid galacturonic (GalA)

Vé mit clu tric, pectin chu yéu duoc tao thanh tir chudi théng a-(1—4)-D-
galacturonic acid, trong d6 mot phan cac nhom carboxyl ¢ thé duoc ester hoa voi nhom
methoxyl (~OCH:) hodc amid héa (-NHz) tiy thudc vao ngudn gdc, qua trinh chiét xuat
va xtr Iy ctia pectin. Cac nhanh bén cua chudi pectin thudng bao gdm rhamnose, xylose,
arabinose va galactose, tao nén ving r& nhanh dic trung ciia phan tir. Nho ciu trac hoa
hoc linh hoat, pectin c6 kha nang tao gel, 6n dinh nhii tuong, tang do nhdt va gitt nude,

do d6 duoc ing dung rong rii trong cong nghiép thuc pham, duge pham va y sinh.

XGA

O =1 Aceric acid A = -Fucose @ =Kdo
© =0 -Apiose O =0b -Galactose @ = -Rhamnose
=L - \f -
@ - . -Arabinose @ =t:cauciss L} =o-Xylose
O = Borat <1> = Galacturonic acid
=poraie @ = Acetyl groups
@ =0 -Dha 0 = Glucuronic acid @ = Methyl groups Current Opinion in Plant Biology

Hinh 1.2. So' do minh hoa thanh phan cdu triic cia pectin [9]
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Hinh 1.2 cho thdy pectin bao gdm ba vung ciu trac chinh 1a homogalacturonan

(HG), rhamnogalacturonan I (RG-I) va rhamnogalacturonan II (RG-II), ciing v&i mot s6
dang bién thé nhu xylogalacturonan (XGA).

- Ving HG chiém ty 18 16n nhét trong pectin (khoang 60—-65%), gdm céac don vi
0-(1—4)-D-galacturonic acid lién két véi nhau, c6 thé bi este hoa boi nhom methoxyl
hodc amid, tao nén kha nang gel hoa ion véi Ca?*.

- Viing RG-I dugc cdu tao tir chudi lip lai cia [—2)-0-L-Rha-(1—4)-a-D-GalA-
(1—], trong d6 cac gdc rthamnose ¢ thé mang nhanh bén chtra arabinose va galactose,
g6p phan tao nén tinh linh hoat va do nhét cia pectin.

- Ving RG-II 1 phan phtic tap nhat, gom khung homogalacturonan gin nhiéu
nhénh bén chira fucose, apiose, aceric acid, Kdo (3-deoxy-D-manno-octulosonic acid)
va cac duong hiém khéc, dong vai tro quan trong trong 6n dinh cau tric thong qua lién
két borate.

- Vung XGA 14 dang HG c6 gin thém céac gdc xylose, thudng gip trong pectin
cua thuc vat bac cao.

Su khac biét vé ty 1& va murc d6 bién d6i (methoxyl hoa, amid héa, acetyl hoa)
gilta cac ving ndy anh huéng manh dén tinh chét héa 1y, kha ning gel hoa va tng dung
ctia pectin trong cac hé bao géi hoat chat.

1.1.2. Phan logi pectin

Dua trén muc dd methoxyl hoa (degree of methoxylation — DM), pectin duoc
chia thanh hai loai chinh:

- Pectin methoxyl hoa cao (High Methoxyl Pectin — HMP): c6 DM > 50%, tao
gel trong méi trudng acid va su hién dién cia dudng thong qua lién két hydro va tuong
tac ky nudc.

- Pectin methoxyl héa thap (Low Methoxyl Pectin — LMP): ¢6 DM < 50%, tao
gel nho lién két ion gifta cac nhom carboxyl tw do va ion hoa tri hai (chu yéu 1a Ca?*)
theo mo6 hinh “hdp tring” (egg-box model) [10].

Do ¢6 cau tric tuong tu nhau, hé alginat dugc xem la mé hinh tuong déng cua hé
pectat. Qua mo6 phong dong luc hoc phan tir, Braccini va Pérez nhan thiy cac chudi
guluronat va galacturonat lién két véi nhau theo dang “hop trimg 1éch pha” (shifted egg-
box), v6i d6 1éch 1,1 A dbi véi guluronat va 1,7 A ddi véi galacturonat. Sy 1éch nay giap

tang tuong tac van der Waals gitta cac chudi, dong thoi 1am giam kich thude khoang ban
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dau va tao ra hai khoang con doéi xting, vira van dé gan két vdi ion canxi, dong thoi hinh

thanh mot mang ludi lién két hydro lién phén tir bén vimg.

A) B)

Hinh 1.3. (4) Cdu triic “hép trieng” (egg-box model) thé hién lién két chéo giita ion
calcium va céac don vi guluronate ciia hai chudi alginate khdc nhau. (B) So sanh mé
hinh “hép trieng” ciia (a) chudi guluronate va (b) chudi galacturonate; cdc cham den
biéu thi cdc ion calcium [10]

Ngoai viéc phan loai theo d0 methoxyl hoa (degree of methoxylation - DM),
pectin con dugc phan loai theo mirc 40 amid hoéa (degree of amidation - DA), trong do
pectin methoxyl hoa thap amid hoa (ALMP) 14 loai dugc quan tim rong rii trong cac
mg dung gel. Trong ciu trac ALMP, mot phan nhém carboxyl (-COOH) cua acid
galacturonic bj thay thé bang nhom amid (-CONH:), ddn dén kha ning hinh thanh cac
lién két hydro bo sung gitra cac viung amid héa. Céc lién két hydro nay gép phan 6n dinh
ciu tric gel, dong thoi lam cho gel tré nén linh dong hon va dan héi hon so véi pectin
methoxyl héa thap khong amid hoéa (LMP). Nhiing dic tinh nay lam cho ALMP thich
hop cho vi¢c tao gel trong diéu kién ion canxi, giup kiém soét dic tinh co hoc, tdc do
giai phong hoat chat va do 6n dinh ctia hat trong cac hé pectin mang dugc chat ky nudc
nhu Quercetin [11].

1.1.3. Ddc tinh chirc ndng ciia pectin

Pectin 13 polysaccharide ty nhién c6 nhiéu dic tinh chirc ning quan trong nhu tao

gel, nhil hoa, gitt nude va tao do nhot cao. V& mit sinh hoc, pectin co tinh phan hiy sinh

hoc, tuong thich sinh hoc va khong ddc, déng thoi duoc vi khuan duong rudt phan giai
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& dai trang. Nhitng dic diém nay khién pectin tré thanh vat liéu polymer ty nhién tiém

nang trong cac hé théng dan thube hudng dich duong rudt hodc bao vi sinh vat, cu thé:

- Kha nang tao gel cua pectin: phu thudc vao mirc o este héa (DM), mirc d¢ amid
hoa (DA):

+ Pectin methoxyl hoa cao (HMP, DM > 50%): hinh thanh gel trong moi truong
acid yéu (pH = 2,8+3,5) va nong d6 dudng cao (>55%), thong qua lién két hydro va
tuong tac ky nudce gitra cac chudi polymer. Trong linh vuc dugc hoc, HMP van dugc su
dung nhu chat 6n dinh, chit tao d6 nhdt, hodc chat bao phim cho vién nén nham cai thién
cam quan va do bén co hoc ciia ché pham. Tuy nhién, trong k¥ thuat y sinh, HMP it
duoc wu tién do khong tao duoc hydrogel ion, kho kiém soat téc d6 giai phong thude va
dd tuong thich moéi trudong sinh 1y kém hon LMP.

+ Pectin methoxyl hoa thip (LMP, DM < 50%): tao gel nhd tuong tac ion gitta
cac nhom carboxyl (-COQO") cua pectin va céc cation kim loai, dac biét 1a kim loai hoa
tr1 hai nhu Ca**. Ngoai Ca**, LMP con c6 thé tap hop va tao gel vi cac ion héa tri mot
nhu (Na*, K*), phu thudc ndng do cation hodc cac cation da hoa tri (AI**, Fe**) thuong
duogc tng dung trong xtr Iy moi truong. LMP duoc danh gia 1a dang pectin c6 tiém ning
mg dung cao trong linh vuc duge phadm va y sinh, nhd kha ning tao gel ion bén viing
trong diéu kién pH trung tinh hodc hoi kiém, khong can bd sung duong va it phu thudc
vao nhiét 6, hinh thanh mang ludi polymer ba chiéu c6 ¢ dan hoi va 6n dinh cao. LMP
dac biét thich hop cho ing dung dugc phém nhu bao vi nang dugc chét, dan thudc hudng
dich dai trang, hé phong thich co kiém soat va vat liéu dan truyén sinh hoc.

- Kha ning chiu pH acid: LMP c6 d6 bén cao trong mdi trudng acid nhe, giup
bao vé duoc chit khoi sy phan huy trong da day va dam bao giai phong hoat chét tai rudt
non hodc dai trang, noi diéu kién pH va enzyme thuén lgi cho qua trinh phan giai pectin
va hap thu duoc chat.

- Tinh phan huy sinh hoc: pectin duwgc vi khuan rudt gia phan giai nhd enzyme
pectinase, cho phép giai phong hoat chat ¢ kiém soét tai dai trang, hd trg diéu trj cac
bénh 1y duong rudt va ting kha ning hap thu thude tai ving dai trang [12].

- Tinh an toan va tuong thich sinh hoc cao: pectin da dugc co quan Quan ly Thuc
pham va Duoc phim Hoa Ky (FDA) cong nhan 13 chit an toan (GRAS — Generally
Recognized As Safe) dé sir dung trong cac san pham thyc pham, duge pham va vt lidu

y sinh [13].
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1.2. Ung dung pectin trong hé théng phan phéi thudc

1.2.1. Vai tro ciia pectin trong dén thuéc duong rujt

Céc bénh 1y duong rudt nhu viém loét dai trang, hoi ching rudt kich thich (IBS)
va bénh Crohn dang c6 xu huéng gia ting nhanh chéng do 16i séng hién dai, ché d6 an
thiéu chat xo va cing thiang kéo dai. Nhitng bénh nay thudng doi hoi qua trinh diéu tri
dai han, trong khi cac phuong phap dung thudc thong thuong dé din dén giam kha dung
sinh hoc, tdc dung phu toan than hoac giai phong thude khong chon lgc. Vi vay, viéc
phat trién hé dan thudc huéng dich dén dai trang nham dam bao hiéu qua diéu trj cao,
giam liéu dung va ting tinh an toan dang 12 hudng nghién ctru trong tdm hién nay.

Trong bdi canh d6, LMP duoc xem 1a chit mang tu nhién tiém ning trong hé
thong phan phéi thuéc duong rudt nhd cac tinh chat hoa hoc va sinh hoc uu viét. Pectin
c6 kha nang chéng chiu méi truong acid da day, nhung lai bi phan giai chon loc bot hé
vi sinh vat tai dai trang, gitip ddm bao hoat chat duoc van chuyén nguyén ven dén vi tri
dich trude khi giai phong co kiém soat.

Céc nghién ctru d3 chimg minh rang cdu trac mang ludi ion cta calcium pectinate
dong vai tro quan trong trong viéc kiém soat qua trinh giai phong thude. Sriamornsak va
Nunthanid cho thy rang céc vi hat calcium pectinate c6 thé duy tri téc do giai phong
dugc chét 6n dinh trong moi trudng rudt, nhd sy hinh thanh mang ludi “hop trimg” (egg-
box model) bén viing gitta cdc nhom —COO™ ctia pectin va ion Ca2* [14].

Tuong tw, Ahrabi va cong su da phat trién vién nén pectin cho din thudc
ropivacaine hudng dich dai trang va nhan thiy rang kha ning bao vé dugc chat khoi moi
truong da day cling nhu giai phong tai dai trang duoc t6i wu hoa khi pectin két hop voi
cac polymer ua nudc khac [15].

Nho nhiing dac tinh vuot trdi, pectin dugc ung dung rong rai trong nhiéu dang
bao ché nhu vi nang, hydrogel, vién nén, mang bao kiém soat giai phong hoat chat va
cac hé dan thudc nhay pH. Nhirng hé nay giup bao vé duoc chat, kiém soat giai phong
tai vi tri dich mong muén, qua do cai thién hiéu qua diéu tri, nhat 13 & ruét, giam tac
dung phu va nang cao kha dung sinh hoc. Ngoai ra, vdi kha nang phan hiy sinh hoc va
tuong thich sinh hoc cao, pectin con dugc xem 14 vat liéu tiém ning trong phat trién cac
hé phan phdi thudc va tac nhan sinh hoc thé hé moi, phu hop v6i xu hudng vat lidu y

sinh xanh, an toan va bén viing.
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1.2.2. Pectin trong bdo vé vi sinh vit va hop chit sinh hoc

Pectin, ddc bi¢t la LMP, dugc xem la mdt trong nhitng polysaccharide ty nhién
tiém nang trong linh vuc bao vé va van chuyén cac hop chét sinh hoc nhay cam nhu
enzyme, vitamin, polyphenol va cac chung vi sinh vat co6 lgi (probiotic). Nho dac tinh
tao gel ion trong diéu kién c6 mat ion hoa tri hai, LMP c¢6 kha nang hinh thanh mang
lu6i polymer ba chiéu bao boc hoat chat, gitip han ché sy khuéch tan cua nudce va ion
H*, qua d6 giam thiéu su bién tinh hoac mét hoat tinh sinh hoc cua céac hop chat trong
moi trudng acid khic nghiét cia da day [16].

Céc nghién ctru gan ddy di chtirng minh hiéu qua ctia hé gel LMP trong viéc bao
v¢é probiotic. Cy thé, Chotiko va Sathivel cho théy hé vi nang tao tu LMP két hop chiét
Xuat cam gao gitp tang dang ké kha niang séng sot ciia vi khuan Lactobacillus plantarum
khi di qua méi truong acid da day va diéu kién c¢6 mudi mat trong rudt non [17]. Su két
hop nay gitip cai thién tinh 6n dinh cta probiotic trong diéu kién tiéu héa khic nghiét,
nho dic tinh bao vé co hoc va hoa hoc cia 16p gel pectin ciing nhu kha nang chéng oxy
héa ty nhién cta chiét xuat cam gao.

Bén canh d6, nhiéu nghién ctru d3 chimg minh ring ma tran calcium pectinate —
dugc hinh thanh thong qua tuong tac ion gitra nhém carboxyl cta pectin va ion Ca** —
dong vai trod quan trong trong viéc quyét dinh do bén co hoc, hiéu suit bao gbi va tdc do
giai phong duogc chit. Ma tran ndy khong chi dong vai tro nhu hang rao vat 1y chéng lai
su xam nhap cua acid va enzyme tiéu hoa, ma con kiém soat qua trinh khuéch tan va giai
phong hoat chat & moi trudng trung tinh ctia rudt non hodc dai trang [18], [19].

Ngoai ra, sy két hop giita pectin voi cac polymer sinh hoc khac nhu alginate hodc
chitosan da duoc nghién ctru va ching minh 1a mot hudng tiép can hiéu qua nham cai
thién nhiéu dic tinh quan trong cua h¢ phan phéi hoat chét. Viéc két hop nay khong chi
tang cudng do bén co hoc ctia mang bao boc ma con nang cao hiéu suat bao goi va cho
phép kiém soat tdc do giai phong hoat chit mot cach c¢6 chon loc theo diéu kién pH cua
moi truong ti€u hoa. Cac hé polymer lai nhu pectin—alginate va pectin—chitosan c6 kha
nang hinh thanh cac ciu tric mang kép hoic mang ludi polyelectrolyte 6n dinh thong
qua cic tuong tac ion giita cac nhom chirc mang dién trai diu. Nhimng twong tac nay tao
ra cac két ndi bén virng, giup hé thdng khang lai méi truong acid trong da day, han ché
su 10 i sém cia hoat chit va dong thoi thiic ddy giai phong cé kiém soét tai rudt, noi

pH thay d6i va cac enzyme tiéu hoa hoat dong [20], [21]. Nho vao kha ning cai thién
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dang ké tinh On dinh, d6 bén co hoc, kha nang bao v€ va gidi phong chon loc cua hoat

chét, pectin, ddc biét la LMP, ngay cang tré thanh lya chon uvu viét trong thiét ké cac hé
phan phéi thudc va hop chat sinh hoc thé hé méi, gép phan mo rong tiém ning tng dung

trong y sinh hoc va céng nghé duoc pham.

1.3. Tong quan vé Quercetin
1.3.1. Gidi thiéu vé Quercetin
Quercetin la mot hop chét flavonoid tu nhién thudc nhém flavonol, dugc tim théiy
phé bién trong nhiéu loai thuc vat, dic biét 1a trong hanh tay, tra xanh, tdo, cam, nho,
cac loai rau cai xanh va nhiéu loai qua mong nhu dau tay, viét quéit, mam x0i.
Quercetin tdn tai trong tu nhién dudi nhiéu dang hoa hoc khic nhau. N6 cé thé
xuat hién & dang aglycone (dang don gian, khong lién két véi cac phan tir khic) hodc &
dang glycoside, khi phan tir Quercetin lién két véi cac phan tor dudng nhu glucose,
rhamnose, galactose. Ngoai ra, Quercetin ciing c6 thé ton tai dudi dang Quercetin sulfat
(lién két v6i nhom sulfat) hodc Quercetin methyl hoa (lién két véi nhom methyl), tiry
theo loai thyc vat va diéu kién sinh hoc. Sy bién doi nay anh hudng tryc tiép dén tinh

hoa tan, hip thu va sinh kha dung sinh hoc ctia Quercetin trong co thé [22].
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Hinh 1.4. Nguon thuc pham giau Quercetin
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Vé dic diém hoa hoc, Quercetin c6 cong thirc phan tir CisH1007, khdi lwong phan

tor 302,24 g/mol, va tén goi theo IUPAC la 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-
4H-chromen-4-one.

CAu trac cta Quercetin bao gdm ba vong thom (A, B va C) tao nén khung flavonol
dic trung. Trén khung nay c6 nim nhom hydroxyl (-OH) gén tai cac vi tri 3, 5, 7, 3 va
4'. Cac nhom hydroxyl nay cho phép Quercetin dé dang nhuong proton (H') va trung
hoa cac gbe tir do, tir @6 thé hién kha nang chéng oxy héa manh mé. Kha ning nay 1a co
s& quan trong giai thich cho hoat tinh sinh hoc da dang ciia Quercetin, bao gom chéng
viém, khang khuan, bao vé té bao va hd trg phong ngira cac bénh mén tinh lién quan dén

tinh trang du thira gbc tu do [23].

Hinh 1.5. Céng thirc cdu tao ciia Quercetin

1.3.2. Dic diém va vai tré sinh hoc ciia Quercetin

Quercetin 1a mot flavonoid tu nhién c6 nhiéu hoat tinh sinh hoc da dang, bao gém
chdng oxy hoéa, khang viém, khang khuan, bao vé niém mac rudt va diéu hoa hé vi sinh
vat duong rudt. Hoat chét nay da dugc chung minh c6 kha nang hd trg diéu tri cac bénh
Iy tiéu hoa nhu viém loét dai trang va ung thu dai tring, thong qua co ché wc ché cac vi
khuan gy bénh [22], [24].

Mot trong nhitng co ché quan trong gitip Quercetin duy tri sirc khoe duong rudt
1a ting cuong tinh toan ven cta hang rao biéu mé. Cu thé, Quercetin thuc day su lap rap
va tao ra nhiéu protein lién két chit hon, qua d6 nang cao do bén ving va hiéu qua caa

hang rao rudt [25].
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Ngoai tac dung trén dudng rudt, Quercetin con duoc nghién ciru vé cac tac dung

toan than, bao gém chéng virus, bao vé tim mach va chéng ung thu. Hoat chét nay co
kha ning trung hoa cac gdc tu do, e ché qua trinh peroxid hoa lipid, duy tri tinh 6n dinh
clia mang té bao va giam thiéu cac tén thuong do tinh trang du thira gc tu do [26], [27].

Tuy nhién, Quercetin c¢6 do tan trong nudc rat thap va dé bi oxy hoa, khién hop
chat nay kém 6n dinh trong diéu kién moéi trudng sinh 1y. Bén canh d6, khi di qua moi
truong acid cua da day, Quercetin c6 thé bi phan huy hoac bién doi cau trac hoa hoc,
dan dén giam kha niang hap thu qua niém mac rudt va lam giam déng ké sinh kha dung
[28].

Dé khic phuc nhirng han ché nay, nhiéu nghién ctru da tap trung phat trién cac hé
mang dya trén polymer tu nhién, dién hinh 1 pectin, dé bao goi va bao vé Quercetin.
Céc h¢ mang nay c6 kha nang ngan chan qua trinh oxy hda va phan huy trong da day,
dong thoi cho phép kiém soat téc do giai phong Quercetin tai rudt. Nho co ché nay, hoat
chat duoc bao vé dén dung vi tri hip thu, tir 46 ning cao hiéu qua sinh kha dung va tac

dung sinh hoc [29], [30].

1.4. Tong quan vé chit hoat dong bé mit Tween-80

Tween-80, con dugc goi la polysorbate 80 hodc polyoxyethylene (20) sorbitan
monooleate, 13 mot chat hoat dong bé mat khoéng ion dugc st dung rong rai trong duogc
pham, thuc pham, m§y pham ciing nhu cac img dung cong nghiép sinh hoc. Thudc nhoém
polysorbate, Tween-80 dugc tong hop thong qua phan ting ester hoa giita sorbitan (mot
dan xudt cua sorbitol) v6i acid oleic, sau d6 polyoxyethylen hoa bang khoang 20 don vi
ethylene oxide [31]. C4u triic ndy tao nén mot phan dau ua nudc tir polyoxyethylene va
sorbitan, két hop voi dudi ky nude tir acid oleic, mang lai tinh ludng cuc dic trung, giup
Tween-80 giam sirc cing bé mit, on dinh nhil twong va ting kha ning hoa tan hoic phan
tan cac hop chat ky nuéc trong mdi truong nude [32].

V& mat hoa hoc, Tween-80 ¢6 cong thirc phan tir CesH 124026, khoi luong phan tir
xap xi 1310 Da, va c6 chi s6 HLB (Hydrophilic—Lipophilic Balance) khoang 15,0, thé
hién dic tinh va nudc manh. Nho cu trac gdm chudi polyoxyethylene ua nudc va chudi
oleate ky nudc, Tween-80 c6 kha ning giam sirc cing bé mit va stc cang lién pha, tir
d6 ting kha ning phan tan va hoa tan cac chit kém tan trong nudc nhu Quercetin,

curcumin hodc cac hop chét polyphenol khac [32], [33].
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Hinh 1.6. Céng thirc cdu tao ciia Tween-80

Trong cac h¢ vi nang, hat hoac hé dan thudc nano, Tween-80 dam nhiém nhiéu
chtrc ning quan trong, gop phan quyét dinh dén hinh thai, kich thudc, d6 6n dinh va hiéu
qua mang tai dugc chat caa hé [31], [32], [33]:

- On dinh hé nhil twong trong qué trinh hinh thanh hat (giai doan nhii hoa hogc
tao gel), giup giam strc cing lién pha giira pha nudc va pha dau, tir d6 ngin ngira hién
tuong két tu hodc tach pha trong subt qua trinh hinh thanh hat. Trong cac h¢ hat chtra
polymer tu nhién nhu pectin, alginate hodc chitosan, Tween-80 hd tro phan tan dong
déu pha dau hoic hoat chit ky nudc trong dung dich polymer, ddm bao hinh thanh hat
c6 bé mat min, hinh cau déu va cau tric dong nhat sau khi gel hoa bang ion da hoa tri
(vi du Ca?).

- Giam kich thudc hat va ting do dong nhat phan b kich thudc. Tween-80 giup
giam ning luong bé mit can thiét dé hinh thanh giot hodc hat trong qua trinh nhii hoa
hodc tao gel, tir d6 cai thién do d@)ng déu vé kich thudc cua cac hat 16n, thuong c6 kich
thude tir vai trim micromet dén vai milimet (0,1—-5 mm) tiy vao phwong phéap chuén bi.
Viéc kiém soét kich thude va phan bd hat dong déu khong chi ting kha ning phan tan
trong dung dich hodc trong mdi truong gel ma con tao diéu kién thuan loi cho qua trinh
giai phong hoat chit c6 kiém soat, dic biét trong cac hé hat pectin, alginate hoac chitosan
dung cho tng dung duoc pham hoic thyc pham chire ning.

- Tween-80 gop phan cai thién hiéu suit bao goi cta cac hoat chét ky nuée nhu
Quercetin nhd kha ning giam nang luong tu do tai giao dién, ting do 6n dinh nhii twong
va hoa tan mot phén hoat chat trong 16p lién pha, tir d6 han ché hién tuong két tu hodc
that thoat hoat chét trong qua trinh hinh thanh hat. Png thoi, Tween-80 con tham gia
vao qua trinh hinh thanh micelle hodc mang polymer ban thAm bao quanh hoat chat, gitup
bao vé 151 hoat chit, ting hiéu qua bao gbi va giam that thoat trong qué trinh gel hoa

hoic sdy kho. Bén canh d6, Tween-80 con diéu chinh téc do giai phong duoc chat, cho
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phép hoat chat phong thich mét cach cham, 6n dinh va kéo dai, nhd d6 nang cao hiéu

qué sinh hoc va tinh 6n dinh vt Iy cia hé hat.

- Tween-80 ting cudng tinh twong thich sinh hoc va giam ddc tinh té bao nhd ban
chat khong ion, han ché cac tuwong tac dién tich manh véi mang té bao va polymer sinh
hoc. Déng thoi, Tween-80 con tang tinh linh dong ctua bé mat hat, giam kha nang bam
dinh khéng mong muén, déng thdi nang cao do on dinh vat Iy cua hé hat trong moi
truong sinh 1y, gitip cac hat duy tri phan tan dong déu va 6n dinh trong qua trinh luu gitr
hodc str dung.

Trong céu tric hat, Tween-80 thudng phan bd tai giao dién giita pha dau va pha
nude, hinh thanh mét 16p vo hip phu bao quanh bé mit hat. Lp nay c6 vai trd 6n dinh
tinh hoc, ngan chan hién tuong két tu hodc hop nhét gitra cac hat, déng thoi bao vé 16p
polymer bén trong khoi bién dang, co rat hodc v trong qua trinh gel hoa, say khé hoic
bdo quan lau dai. Bén canh do, Tween-80 con co thé tang do Xép bé mit hat hodc giam
tinh thdm am, tir d6 anh huong truc tiép dén dong hoc giai phong hoat chét, gop phan
kiém soat téc d6 phong thich va duy tri hiéu qua sinh hoc cta hé hat [32], [33].

Nho nhitng déc tinh néu trén, Tween-80 dugc xem la mot tdc nhan on dinh bé
mat va chit hd trg tao ciu tric hiéu qua trong cac h¢ hat pectin, alginate, chitosan hoac
cac hé polymer lai (két hop ctia hai hodc nhiéu loai polymer khac nhau).

DPdi vai cac hoat chat ky nudc nhu quercetin, viéc bod sung chit hoat dong bé mat
nhu Tween-80 c6 vai tro quan trong trong viéc tang d0 hoa tan, cai thién kha nang phan
tan va on dinh hé phan tan trong méi trudng nudc. Erawati va cong su cho thiy Tween-
80, ngay ca & nong do rat thap (419 ppm), da lam ting dang ké d6 hoa tan ciia quercetin
trong dung dich nuéc nho co ché solubilization thong qua micelle dang khong ion [34].
biéu nay ching minh Tween-80 la chit hoat dong bé mat hiéu qua ddi véi cac
polyphenol kém tan.

Trong cac hé vi nhil chtra quercetin, Tween-80 thudng duoc st dung & néng do
0,1-2,5% (w/v) dé giam strc cang lién pha, ting 6 6n dinh va han ché két tu, dong thoi
tao ra hé vi nhii ¢6 hiéu suit bao g061 cao hon va 6n dinh hon [35].

Trong nghién ctru nay, ty 1¢ Tween-80 : Quercetin = 10 : 1 (w/w) dugc lya chon
nhim dam bao lugng Tween-80 du 16n dé tao 16p hip phu 6n dinh quanh phéan tir
quercetin, hd tro phan tan t6i vu va giam nguy co két tu quercetin, qua do ting do 6n

dinh va tinh tuong thich sinh hoc cua hé.
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Bén canh d6, Tween-80 dugc T6 chirc Luong thyc va Nong nghiép (FAO) va T6

chtrc Y té Thé gigi (WHO) cong nhan 1a phu gia an toan, duoc phép st dung trong cac
san pham duoc pham, thuc phdm va my pham theo gidi han quy dinh. Theo Uy ban
Chuyén gia Chung cia FAO/WHO vé Phu gia Thuc phdm (JECFA), gia tri ADI
(Acceptable Daily Intake) ciia Tween-80 duoc xac dinh 1én dén 25 mg/kg thé
trong/ngdy, dam bao an toan khi st dung trong ché d6 an udng hodc san phim chira

Tween-80 [36].

1.5. Tong quan vé hé bao géi hoat chét bing pectin

Trong nhiing nam gan day, cong nghé bao gbi hoat chat da thu hit sy quan tim
dac biét trong cac linh vuc thyc phém, duoc phém va my phém, nho kha nang bao vé
hoat chat khoi cac tac nhan ngoai canh (anh sang, oxy, pH, enzyme tiéu hoa...), cai thién
tinh 6n dinh, kiém soét qué trinh phéng thich, dong thdi nang cao kha ning hip thu va
hi€u qua sinh hoc cua hoat chét trong co thé. Trong s6 cac vat liéu bao g61 tu nhién,
pectin ndi bat nho tinh an toan, kha ning phan haty sinh hoc, twong thich sinh hoc cao
va kha nang tao gel ion hoa linh hoat. Nho nhitng dac tinh nay, pectin dugc xem la mot
polymer sinh hoc tiém ning trong viéc bao goi va van chuyén cac hop chat nhay cam
nhu polyphenol, vitamin, enzyme va probiotic, gop phan bao vé cdu tric, duy tri hoat
tinh sinh hoc va ti uu héa hiéu qua str dung cta cac hoat chét trong tmg dung thuc té.
1.5.1. Cdc hé bao géi hoat chit bing pectin va phwong phdp tao hat

H¢ bao goi hoat chit dua trén pectin co thé dugc thiét ké dudi nhiéu dang khac
nhau, bao gdm hat gel dang bead, vi nang (capsule), mang mong (film) hodc 16p phirc
hop phii bé mit, tiy thudc vao muc tiéu tng dung va phuong phap ché tao. Pectin c6 thé
stt dung don 1¢ hodc phdi hop véi cac polymer sinh hoc khac nhu alginate, chitosan,
gelatin hodc tinh bot bién tinh, nham cai thién d6 bén co hoc, hiéu suit bao gbi va diéu
chinh téc d6 giai phong hoat chat theo méi truong pH. Viéc phdi hop nay tan dung kha
ning twong tic ctia cac nhom chirc mang dién trai dau giira cac polymer, tir d6 hinh
thanh cac mang ludi polyelectrolyte 6n dinh hodc mang kép, giup ting cudong khang acid
da day, giam ro ri hoat chit sém va thuc day giai phong chon loc tai rudt [14], [21], [37].

Céc phuong phap tao hat pectin phd bién hién nay gom:

- Phuong phép ionotropic gelation: Pectin, dac bi¢t la LMP, c6 kha nang hinh
thanh mang gel nho lién két ion véi cac cation, dién hinh 13 Ca?*. Cac ion calcium phbi

tri v&i cac nhom carboxyl cua chudi pectin, dan dén sy hinh thanh cau tric mang ba
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chiéu 6n dinh, theo mo hinh “egg-box”, trong d6 cac ion Ca?" dong vai tro cau noi gilra

cac chudi polymer. CAu tric ndy tao ra hat gel bén trong méi truong nude, thudng duoc
st dung dé ché tao hé bead hoic pellet, voi kich thudce hat dao dong trong khoang 0,5—
2 mm, pht hop cho viéc bao goi cac hoat chat nhay cam véi méi trudng acid da day nhu
Quercetin hodc cac ché pham sinh hoc nhu probiotic [14].

+ Uu diém: Hat gel ¢6 cdu trac mang 6n dinh, dam bao kha ning giai phong hoat
chat tir tir va bao vé hoat chat khoi phan huy trong méi trudng acid.

+ Nhuoc diém: Kich thude hat 16n va kho kiém soat do déng déu khi yéu cau hat
& quy mo vi mé, han ché kha ning tmg dung cho cac hé hat siéu nhé hodc vi nang.

- Phuong phap nhii tuong — bay hoi dung moéi (Emulsion—Solvent Evaporation):
Trong phuong phap nay, hoat chat dugc phan tan hodc hoa tan ciing pectin trong hé nhii
tuong, sau d6 dung méi bay hoi, hinh thanh cac hat kho chira hoat chat. Co ché chinh
dua trén sy 6n dinh cta nhii twong va kiém soat qua trinh bay hoi dung méi, giup hinh
thanh hat vi mé dong nhat véi kich thude va phan bd hoat chit c6 thé diéu chinh [38].

+ Uu diém: Cho phép kiém soat t6t kich thudc hat, phan bd hoat chat dong déu,
thich hop cho céac hé hat micro hodc vi nang chira hoat chat nhay cam.

+ Nhuoc diém: Can sir dung dung mai thich hop, dong thdi quy trinh c6 thé tén
thoi gian va chi phi do yéu cau loai bo dung mdi sau ciing nham dam bao an toan cho
san pham.

- Phuong phap phun say (Spray Drying): Dung dich pectin chita hoat chat dugc
phun thanh suong min va lam kho nhanh bang luéng khi nong, dan dén hinh thanh bot
hat vi mo6 v6i hinh dang khong d@)ng déu. Co ché chinh dya trén su bay hoi nudc nhanh,
tao ra cdu truc x4p, giup bao vé hoat chit khoi phan huy va duy tri tinh 6n dinh sinh hoc.
Phuong phap nay duoc wa chudng nhd dé trién khai & quy mé cong nghiép, dic biét
thich hop dé ché tao cac hé hat vi mo hodc vi nang [39].

+ Uu diém: Thich hop cho san xuit quy mé 1én, thoi gian xir Iy nhanh, don gian
vé mat van hanh.

+ Nhuoc diém: Hinh dang hat khong déng déu, luong hoat chit chtra trong moi
hat khéng déng déu so voi phuong phap nhii twong, han ché khi yéu cdu phan bd hoat
chat ddng déu cao.

- Phuong phap dun — nhé giot (Extrusion—Droplet): Trong phuong phap nay,

dung dich pectin chtra hoat chit duoc nho giot vao dung dich chtra cation, thuong la
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CaClz, din dén hinh thanh céac hat gel gan hinh cau nho sy twong tac ion gita cac nhom

carboxyl ctia pectin va cac ion Ca?*, tao nén cdu trac mang gel 6n dinh. Phuong phap
nay cho phép kiém soat chinh xéac kich thudc va hinh dang hat, dong thoi duy tri cau
trac mang gel chic, gitip giai phong hoat chét tir tir va c6 kiém soat, dic biét thich hop
cho viéc phan phéi thudc hodc cac hop chét sinh hoc trong rudt [ 14].

+ Uu diém: Hat gel c6 kich thudc va hinh dang déng déu, kiém soat giai phong
hoat chat hiéu qua.

+ Nhuoc diém: Tc d6 san xuét thap, kho ap dung & quy mé cong nghiép ma
khong c6 hé théng thiét bi tu dong hoda, han ché khi can san xuat s6 luong 16n.

Nhin chung, kich thudc hat pectin ding dé bao géi hoat chat thuong dao dong tir
vai micromet dén vai milimét, phu thudc vao phwong phap tao gel, ty 1¢ polymer va thiét
bi ché tao. CAu trac mang polymer x6p cua pectin khong chi giam khuéch tan nudc va
ion H*, ma con bao vé hoat chat khoi sy phan hity trong méi truong acid da day, dong
tho1 dam bao giai phong tur tir va c6 chon loc tai rudt. Nho nhitng dac tinh wu viét nay,
pectin, dic biét 1a LMP, ngay cang dugc quan tam trong thiét ké cac hé phan phdi thudc
va hop chat sinh hoc thé hé méi, mo rong tiém niang ung dung trong y sinh hoc va cong
nghé duoc phﬁm.

1.5.2. Ung dung hé bao géi bang pectin

H¢ bao goi hoat chit dya trén pectin da dugc Uing dung rong rai trong nhiéu linh
vuc nho tinh an toan, kha nang tao gel, phan huy sinh hoc va twong thich sinh hoc cao.
Nhiing dic tinh nay gitip pectin tré thanh mot vat lidu ty nhién day tiém ning trong cac
hé phan phdi hoat chat, dac biét ddi véi cac hop chat nhay cam v6i méi truong sinh 1y
hoic acid da day. Céc tng dung tiéu biéu bao gdm:

- Duoc phém va hé truyén din hoat chit: Pectin duoc st dung lam tdc nhan mang
trong cac hé truyén dan hoat chat nhay pH, bao gém céc polyphenol nhu Quercetin,
curcumin, enzyme va cac thudc chdng oxy hoa. Mang gel cua pectin c6 kha niang bao
vé hoat chét khoi bién tinh hodc phan hily trong méi truong acid da day, dong thoi giai
phéng hoat chit mét cach co kiém soat tai rudt hodc dai trang, noi pectin c6 thé bi phan
giai boi enzyme pectinase do vi sinh vat dudng rudt tiét ra. Nhidu nghién ctru da tap
trung phat trién cac hé mang tir pectin nham bao géi va kiém soat giai phong Quercetin,
v6i muyc tiéu nang cao 6n dinh hoa hoc va kha ning hap thu cta hoat chat nay [40], [41].

Céc hé pectin nay thuong duoc ché tao dudi dang bead gel, vi nang hodc hat phuc hop,
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va c6 thé két hop véi cac polymer khac nhu chitosan hodc alginate dé cai thién d6 bén

co hoc, kiém so4t phong thich va ting hiéu qua sinh kha dung.

- Thuc pham chtic ning: Trong nganh thuc pham chic ning, pectin duoc Ung
dung dé bao gbi cac hop chit polyphenol nhu Quercetin, catechin, curcumin hoic
resveratrol, nho kha ning ting cudng d6 6n dinh, han ché oxy héa va cai thién kha ning
hoa tan trong nude. Nho d6, cac hoat chit kém bén hodc khé hip thu co thé duoc duy
tri hoat tinh sinh hoc ldu hon trong qua trinh ché bién, bao quan va tiéu hoa [42]. Ngoai
ra, viéc bao goi bang pectin con hd tro phan tan dong déu hoat chat trong thuc pham, cai
thién hi¢u qua sinh hoc khi str dung.

- Cong nghé vi sinh va probiotic: Pectin, khi phdi hop véi cac polymer tu nhién
khac nhu alginate, chitosan, carrageenan hoc tinh bot bién tinh, c6 thé hinh thanh mang
bao vé bén co hoc nhung van thdm chon loc, tao diéu kién thuan loi cho bao g61 vi sinh
vat song (probiotics). Cac hé nay giup bao vé vi sinh vat trudéc moi truong acid da day
va mudi mat, déng thoi giai phong tai rudt — noi chung phat huy tac dung sinh hoc. Nhiéu
nghién ctru da chung minh hi€u qua cta pectin trong viéc bao goi cac chung probiotic
nhu Lactobacillus acidophilus, Bifidobacterium spp. hay Pediococcus pentosaceus, cho
thdy hé pectin—polymer phdi hop giup ting ty 1& sdng sot ciia vi sinh vat va cai thién tinh
6n dinh trong qua trinh van chuyén va tiéu hoa [43], [44], [45].

- Ung dung dac biét — Van chuyén dinh vi: Mot trong nhirng uu diém noi bat cua
pectin 1a kha nang phan hiy chon loc bdi enzyme pectinolytic dugc vi sinh vat dudng
rudt tiét ra. Tinh ning nay giup pectin trd thanh vat liéu 1y twong cho truyén dan hudng
dich t6i dai trang (colon-targeted delivery). Cac hé nay dic biét hiru ich trong diéu tri
viém loét dai trang, ung thu dai trang hodc bénh Crohn, noi can gidi phong thudce tai vi
tri cu thé ma khong bi hép thu som & da day hodc rudt non [46], [47].

Tom lai, cac hé bao goi bang pectin thé hién tiém ning 16n trong bao vé, kiém
soat phong thich va tang sinh kha dung cua nhiéu loai hoat chét sinh hoc, dic biét 1a cac
polyphenol kém tan nhu Quercetin. Nho kha nang phan huy sinh hoc, khong doc hai va
chi phi thép, pectin dugc xem la vat li¢u ty nhién dﬁy htra hen cho cac ing dung trong

dugc pham, thyc pham chitc ning va cong nghé sinh hoc hién dai.
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CHUONG 2. NOI DUNG NGHIEN CUU - POI TUQNG
VA PHUONG PHAP NGHIEN CUU

2.1. DPéi twong nghién ciru

- Pectin methoxyl hoa thap (LMP - PC210, nha san xuat Gino Biotech, Trung
Quéc): DE =30 + 3%, DA =20 + 3%.

- Pectin methoxyl hoa thap amid hoa (ALMP - PC200Y, nha san xuit Gino
Biotech, Trung Quéc): DE =27 + 3%, DA =22 + 3%,

- Tac nhan hd trg diéu tri bénh duong rudt — Quercetin (duoc cung cép bai
Biobomei, Trung Qudc): do tinh khiét > 98%.
2.2. Thoi gian va dia diém nghién ciru

- Pé tai duoc thuc hién tai phong thi nghiém thuéc Khoa Cong nghé hoa hoc —
Moi truong, Truong Pai hoc Su pham K§ thuat, Pai hoc Da Nﬁng.

- Thoi gian: tir thang 01/2025 dén thang 12/2025.
2.3. Hoa chit, dung cu va thiét bj sir dung
2.3.1. Hod chit

Céc hoa chit sir dung trong nghién ciru gom:

+ Tween—80 (Polysorbate 80): GHTech, Trung Qudc.

+ Sodium chloride (NaCl): Xilong, Trung Qudc.

+ Calcium chloride dihydrate (CaCl..2H:0): Xilong, Trung Qudc.

+ Hydrochloric acid (HCI): buc Giang, Vi¢t Nam.

+ Sodium hydroxide (NaOH): Xilong, Trung Qudc.

+ Sodium dihydrogen phosphate dihydrate (NaH.PO..2H:0): cung cip béi
GHTech, Trung Quéc.

+ Disodium hydrogen phosphate heptahydrate (Na:HPO.7H-0): cung cap bai
GHTech, Trung Quéc.

Hinh 2.1 duéi day liét ké mot s6 hoa chét chinh duoc sir dung trong nghién ctru.
Tat ca cac hoa chat déu thudc hoa chat phan tich, dam bao do tinh khiét va do tin cay
trong céc thi nghiém, qua d6 gdp phan ning cao tinh chinh x4c va kha ning tai 1ap két

qua nghién ctru cua deé tai.
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2.3.2. Dung cu va thiét bi

Trong diéu kién thi nghiém hién c6, nghién ctru dugc tién hanh sir dung cac thiét
bi va dung cu san co tai phong thi nghiém, dam bao do chinh x4c, tin cdy va kha ning
tai 1ap ctia cac thi nghiém. Bang 2.1 1iét ké cac thiét bi va dung cu st dung trong qua
trinh nghién cuu.

Céc thiét bi va dung cu ndy cho phép chuan bj hat pectin, danh gia dong hoc hip
thu nudc, quan sat hinh thai bang SEM va xac dinh nong d6 Quercetin giai phong trong
moi truong dich gia dinh dudng rudt, d@)ng tho1 dam bao cac budc thi nghiém dugc thyc
hién duéi diéu kién chuan héa, giup nang cao tinh chinh xac va do tin cdy cua két qua
nghién cuu.

Bang 2.1. Thiét bi va dung cu sit dung trong qud trinh nghién ciru

Thiét bi Dung cu

May khudy tir ¢ gia nhiét Binh tam giac 50 mL, 100 mL, 250 mL

May do quang pho UV—Vis Binh dinh mtrc 50 mL, 100 mL, 250 mL, 1000 mL

Can tiéu ly Cbc thuy tinh 25 mL, 100 mL, 250 mL, 1000 mL
But do pH Lo thity tinh 100 mL c6 nip
Kinh hién vi dién tir quét SEM | Ong xi lanh 60 mL
Ta sdy Ong nho giot (dudng kinh 1,2 mm)
Tu lanh Ong dong 100 mL, 250 mL, 1000 mL
Khay sy bang kim loai

Micropipet 100 pL, 1 mL, 5 mL
Ray loc tra (duong kinh 0,28 mm)
Catr3cm,S5cm, 8 cm

Diia thuy tinh

Nhiét ké thiy tinh 0~100 °C

Gia do buret

Ngoai ra, nghién ctru cling st dung mdt s vat liéu tiéu hao va dung cu phu tro,

bao gdm: ging tay, gidy loc, gidy nén va gidy nhom.
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2.4. Phwong phap nghién ciru

2.4.1. Bao goi Quercetin trong hat pectinat canxi
Quercetin duoc bao goi bang phuong phap tao gel ion héa, theo quy trinh duoc

mo ta boi Chambin va cong su [7].

Dung dich pectin
U + Quercetin

Say
(40°C, 48h)

Hinh 2.4. Quy trinh tao hat pectin mang Quercetin bang phirong phdp gel ion héa

Pé chuan bi dung dich polyuronat, pectin methoxyl hoa thap (LMP) dugc hoa tan
& nong do 30 g/L, trong khi pectin methoxyl héa thap amid hoa (ALMP) dugc hoa tan
& ndng do 40 g/L. Ca hai dung dich duoc pha trong dung dich NaCl 0,01 M nhim duy
tri ion manh can thiét cho qua trinh tao gel, v&i pH dugc diéu chinh va duy tri & muc 5.
Viéc diéu chinh pH duoc thuc hién béng NaOH 0,1 N, déng thot pH duoc theo doi lién
tuc bang bat do pH.

Dung dich pectin dugc khuay lién tuc bang may khudy tir & tbc do 750 vong/phut
trong 1 gio dé dam bao pectin hoa tan hoan toan va déng nhat, tranh tao cuc hodc két
tua. Nong d6 acid galacturonic (GalA) trong timg dung dich dwgc tinh toan dya trén gia
trj do ester hoa (DE) va d6 amid hoa (DA) cua ting loai polyuronat. Két qua cho thiy,
dung dich LMP 30 g/L chtra khoang 119 mM GalA, trong khi dung dich ALMP 40 g/L
chtra khoang 120 mM GalA, cho thiy su trong duong vé luong GalA giita hai loai dung
dich, thuan lgi cho viéc so sanh céc dic tinh gel va kha nang giai phong hoat chat trong
cac thi nghiém tiép theo.

Sau do, 6,25 g chit hoat dong bé mit Tween-80 duoc thém vao dung dich ALMP
va hoa tan hoan toan bang khudy tron. Cho 625 mg Quercetin duoc nghién min va phan
tan vao cac dung dich pectin ¢ nhiét d6 phong. Hon hop dugc khudy trong 30 phut dé
chuan bi cho qua trinh tao gel.

Hon dich thu duoc sau d6 duge bom va nhé giot tir tir vao dung dich CaClz 0,75

M c6 pH =4,5+5. Pé thyc hién qua trinh nay, xi lanh c6 dung tich 60 mL dugc ndi véi
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6ng nho giot co tbe do 20 giot/mL, duong kinh 6ng 1,2 mm, tde do khqu 200 vong/pht,

va chiéu cao roi 12 cm. Su tiép xtc gitta pectin va ion Ca?* gdy ra qu4 trinh lién két chéo
tuc thi, hinh thanh cac hat calcium pectinate.

Sau khi ngdm 6n dinh trong dung dich CaCl. 0,75 M 5 phut, cac hat duoc thu hoi
va sdy ¢ 40°C trong 48 gio. Sau dé, hat dugc bao quan trong ti lanh & 4°C cho dén khi
tién hanh cac phén tich tiép theo. Cac loai hat sau say duoc phan loai gdbm: ALMP-Ca,
ALMP-Tween80-Ca va LMP-Ca, duoc danh gia vé kich thuéc va hinh thai bé mat. Ham
lugng nudce con lai trong hat dugce xac dinh béng ta séy & 150°C cho dén khi khdi lugng
khéng doi.

Hinh 2.5 minh hoa qua trinh tao hat pectin trong thuc té tai phong thi nghiém.
Qua trinh hinh thanh gel ionotropic va thu nhan hat dién ra khi dung dich pectin duoc
nhé giot vao dung dich Ca** 0,75 M.

Hinh 2.5. Anh chup qud trinh tao hat trong thuc e
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2.4.2. Do kich thwde hat bang kinh hién vi quang hoc

Hat duoc dit 1én lam kinh c6 gidy ké 6 ly 1 mm dé dinh vi. Str dung kinh hién vi
quang hoc Olympus CX23 véi vat kinh 4 1an hodc 10 1an, anh sang LED 6n dinh. Chup
anh hat bing camera tich hop va phan tich bang phan mém ImagelJ: hiéu chinh ti 18, 1am
ndi bat hat, tach tung hat va do duong kinh 16n nhat hoac duong kinh twong duong hinh
cAu, v6i it nhat 30-50 hat dai dién cho mdi loai hat. T céac sb do, tinh kich thude hat
trung binh va d6 1éch chuan cta cac hat. Phuong phap nay 4p dung cho ca hat udt va hat
kho. Mdi loai hat duoc do lap lai ba lan doc 1ap [48].

2.4.3. Ddnh gid higu sudt bao géi (EE) va higu sudt thu hoi (EY)

Hiéu suit bao g6i (EE) va hiéu suét thu hdi (EY) ctia mdi loai hat duoc xac dinh
dua trén cong thire duge mé ta boi Huynh va cong sy [30]. Trong dé tai nay, ching toi
tién hanh ngam 500 mg hat trong 500 mL dung dich dém phosphat c6 pH = 6,4, tdc do
khudy 200 vong/phut cho dén khi hat bi phan hay hoan toan. Po do hap thy (absorbance)
ctiia dung dich & budc song 390 nm bang may quang phé UV-Vis. Mot dudng chuin
duoc thiét 1ap dé xac dinh nong d6 Quercetin, trong khoang 5-30 mg/L (R? > 0,97). Dé
dam bao do chinh xAc, tit ca cac thi nghiém dugc tién hanh lap lai ba lan.

Hiéu suét bao goi (EE) va hiéu suét thu hoi (EY) ctia Quercetin trong hat pectinat

calcium sau dé dugc tinh theo cac cong thire (1) va (2):

o) = CE
EE(%) = 2% 100 (1)
EY (%) = 3—; x 100 (2)

Trong do: Qk: 1a lugng Quercetin dugc bao goi.
Qr: 14 tong luong Quercetin ban dau sir dung.
O 12 tong khéi luong hat thu duoc.
2.4.4. Xdc dinh khd néing hdp thu nwéc
Can 500 £ 1 mg ctia mdi loai hat (ALMP-Ca, ALMP-Tween80-Ca va LMP-Ca),
ngam trong 500 mL dung dich dém phosphat c6 pH = 6,4, khuéiy voi toe do ¢b dinh 200
vong/phiit & nhiét do phong. Hat duoc 1ay ra dinh ky (mdi 5 phut trong 40 phit dau, mdi
10 phut trong 60 phut tiép theo, va mdi 15 phut trong 150 phat cudi), thim kho bang
gidy dé loai bo nudc du, can khéi luong, sau d6 dua tr lai dung dich [40]. Céc thi
nghiém dugc tién hanh lip lai ba lan.

Po su thay d6i khdi lugng hat va tinh kha nang hip thy nudc theo cong thirc (3):
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Nuwéc hip thu (%) = % x 100 (3)
0

Trong do: wi: 1a khdi luong cua hat tai thoi diém t.
wo: 12 khéi lugng ban dau cua hat kho.

2.4.5. Danh gid kha nang gidai phong Quercetin trong dich gid dinh dwong rugt

Kha nang giai phong Quercetin trong dich gia dinh duong rudt cuia mdi loai hat
dugc xac dinh dua trén phuong phap dugc mé ta bdi Huynh va cong su [49]. Can 500 +
1 mg ctia mdi loai hat (ALMP-Ca, ALMP-Tween80-Ca va LMP-Ca), cho vao 500 mL
dung dich mé phong dich rudt (dung dich dém phosphat, pH = 6,4). Tién hanh phan giai
hat & nhiét 6 37 °C véi téc do khuay 200 vong/phut. Ldy 3 mL dung dich phan giai ¢
cac thoi diém 5, 10, 15, 20, 25, 30, 40, 50 va 60 phut dé theo ddi qué trinh giai phong
Quercetin. Sau thoi gian 60 phut, tién hanh 1ay mau mdi 30 phut cho dén 240 phut. Po
d6 hap thu cta cac mau & bude song 390 nm bang may quang phé UV-Vis dé xac dinh
nong do Quercetin trong dung dich. Tinh ty 1é phan trim Quercetin duoc giai phong theo
thoi gian. Mdi mau hat duoc tién hanh lip lai ba lan.
2.4.6. Quan sdt ciu tritc bé mdt vién nang bing kinh hién vi dién tiv quét (SEM)

Céu trac hinh thai va dic diém bé mait cua cac hat bao Quercetin (ALMP-Ca,
ALMP-Tween80-Ca va LMP-Ca) duoc quan sat bang kinh hién vi dién tir quét phat xa
truong (Field Emission Scanning Electron Microscope, FESEM; model HITACHI S-
4800, Nhat Ban). Trudc khi chup, mau duoc séy kho hoan toan va phu mot 16p méng
bach kim (Pt) nham ting d6 dan dién bang may phu chan khong HITACHI E-1054. Anh
hién vi duoc ghi nhan ¢ hiéu dién thé gia toc 10 kV, véi cac d6 phong dai khac nhau tiry

thudc muc ti€u quan sat chi ti€t cau truc bé mat cia tirng mau.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Dac tinh cua hat pectin bao goi Quercetin

Céc hat pectin bao Quercetin dugc hinh thanh nhanh chong thong qua qua trinh gel
hoa ion (ionotropic gelation) khi dung dich pectin chtra Quercetin dugc nho giot vao
dung dich chira ion calcium (Ca2*). Qua trinh gel hoa dién ra hiéu qua & pH = 5, tai d6
cac nhom carboxylic (-COOH) trong mach pectin bi ion hoa thanh cac ion carboxylat (-
COO"). Su ion hoa nay tao nén luc day tinh dién giira cac chudi polymer, déng thoi tao
diéu kién thuan loi cho sy hinh thanh lién két phéi tri gitta ion Ca?*" va cac nhém
carboxyl, tir d6 hinh thanh mang 1u6i gel ba chiéu bén viing.

Mang luéi gel nay giup gitt Quercetin phan bd dong déu trong cau triic hat, han
ché sy thét thoat hoat chat ra méi trudng bén ngoai trong qua trinh hinh thanh va xu 1y
hat. Cac hat duoc thu thap trudce va sau khi séy kho, sau d6 tién hanh xac dinh cac dic
tinh ly — hoa, bao gém: kich thudc hat uét va kho, ham lugng nudc, hi¢u suét bao go1
(EE%) va hiéu suit thu hoi (EY%). Két qua phan tich cac chi tiéu nay dugc trinh bay
trong Bang 3.1.

Bang 3.1. Ddac tinh ly — hoa cua hat pectin bao goi Quercetin

Thong so ALMP-Ca ALMP-Tween80-Ca LMP-Ca

Kich thudc hat 4,53 + 0,67 11,18+ 1,91 7.11 + 1,56
udt (mm)
Kich thude hat 2,60 + 0,40 657+ 1,69 427+ 130
kho (mm)
Ham luong nude 282417 21,5427 20.9 43,9
(%)
Hiéu suit bao goi,

: + + +
EE (o) 78,4 + 14,9 80,0 = 12,2 82.1 8.3
Hiéu suét thu hdi

* i + + +
EY () 43402 4,6+0,1 4,0+0,1

Kich thudc hat w6t thay doi rd rét gitra cac cong thire: ALMP-Tween80—Ca tao ra
cac hat co kich thudc 16n nhat (11,18 £ 1,91 mm), tiép theo 1a LMP—Ca (7,11 + 1,56
mm) va ALMP—Ca (4,53 £ 0,67 mm). Xu hudng tuong tu cling quan sat ¢ hat kho, trong
d6 ALMP-Tween80—Ca van giit dudng kinh 16n nhét (6,57 + 1,69 mm), cho thiy viéc
bd sung Tween-80 di anh hudng dén qua trinh hinh thanh hat, c6 thé lam ting kha ning
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truong né cua gel. Nguoc lai, ALMP—Ca cho kich thudc hat khdé nhé nhat (2,60 + 0,40

mm), c¢6 thé do téc do co rut cao hon trong qua trinh séy.

Su khéc biét vé hinh thai hoc hat wét (Hinh 3.1) va hat kho (Hinh 3.2) ciing duoc
thé hién 13 giira cic cong thirc. Hat ALMP-Tween80—Ca c6 hinh dang khéng déu va
ciu tric twong dbi xop, diéu nay co thé giai thich bai sy hién dién ctia chat hoat dong bé
mit Tween-80, gitip n dinh nhii trong, tao 16p micelle hodc 16p polymer ban thim bao
quanh hoat chat, dong thoi anh hudng dén dong hoc gel hoa, giam két tu va dong két
gitra cac hat. Nguoc lai, ALMP—Ca va LMP-Ca c6 céu trac dic hon, diéu nay co thé
dan dén su khac biét vé dic tinh giai phong hoat chat Quercetin trong qua trinh phén giai
trong dich gia dinh duong rudt.

Phén tich ham lugng nudc cho thiy LMP—Ca c6 do am cao nhat (29,9 + 3,9%),
trong khi ALMP-Tween80—Ca c6 d6 am thap nhét (21,5 + 2,7%), ching to qua trinh
khir nuwéc dién ra hiéu qua hon khi c6 mit Tween-80. Ham luong nudc thap hon khong
chi ting do on dinh va kéo dai thoi gian bao quan, ma con gép phan duy tri cdu trac gel,
lam cho ALMP-Tween80—Ca tré thanh lga chon phu hop cho cac tng dung giai phéng
hoat chat ¢ kiém soat.

Hiéu suit thu hdi (EY) va hiéu suét bao gbi (EE) cua cac hat pectin dugc danh gia
qua ba cong thirc sau: ALMP—Ca, ALMP-Tween80—Ca va LMP—Ca. Két qua cho thay
co su khac biét dang ké vé kich thude hat, ham lugng nude va kha nang bao goi, phu
thudc vao loai cong thirc chit nén st dung.

V& hiéu suit bao goi (EE), ca ba cong thirc déu cho hiéu suét cao, dao dong tir
78,4% (ALMP—Ca) dén 82,1% (LMP—Ca). Gia tri EE cao hon & LMP—Ca c6 thé do
twrong tic manh hon giita pectin methoxyl thap (LMP) va ion Ca?*, gitp ting kha ning
giit cac hoat chat trong mang gel, két qua nay phu hop véi bao cdo cia nghién ciru trude
d6 [5]. Trong khi d6, ALMP-Tween80—Ca cho thay hiéu suat thu hdi (EY) cao hon (4,6
+ 0,1%), cho thdy rang Tween—80 (Vi ty 16 Tween-80 : Quercetin = 10:1) ¢ thé cai
thién qua trinh bao géi bang cach ting kha ning phéan tan ciia Quercetin trong ma tran
pectin, giup ting hiéu suét thu hoi.

Mic du gia tri EE khé cao, nhung EY cia ba loai hat vin tuong dbi thap (4,0—
4,6%), c6 thé do ton that vat liéu trong qué trinh thao tac quy mo phong thi nghiém, bao

gdm sy bam dinh vao thiét bi, gel hoa khong hoan toan, hodc thit thoat trong cic budc
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loc va sdy. Nhitng han ché pho bién nay anh hudng dén ty 18 thu hdi Quercetin tong thé,

ddng thoi cho thiy can tdi vu hoa quy trinh khi mé rong san xuat & quy mé 16n hon.

e

a) ALMP-Ca

Hinh 3.1. Hinh
dang hat pectin
wot thu dwoc sau
qua trinh tao gel

bang ion Ca**
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Hinh 3.2. Hinh
dang hat pectin
kho thu dwoc sau

khi sdy

a) ALMP-Ca

b) ALMP-Tween80-Ca
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3.2. Xac dinh kha niing hap thu nwéc

Dbong hoc hép thu nudc cua cac hat pectin (ALMP—Ca, LMP-Ca va ALMP-
Tween80—Ca) trong méi trrong mo phong dich rudt (dung dich dém phosphate, pH =
6,4) duogc trinh bay trong Hinh 3.3.

——ALMP-Ca

300 -
—4+—LMP-Ca

250 -
—a— ALMP-Tween80-Ca
200
150
100

50

Lwong nuwéce hip thu, %

0 1 1 1 1 1 1 1

I
( I5 30 45 60 75 90 105 120 135 0
-50 -
Thoi gian (phut)

-100 -

Hinh 3.3. Qud trinh hdp thy nude cia cde hat pectin trong méi truong
mo phong dich ruot (pH = 6,4)

O giai doan dau, hat ALMP—Ca cho théy tde do hép thu nudc cao, dat gia tri cuc
dai trong khoang 3060 phut. Tuy nhién, sau khoang 120 phut, lwong nudc hap thy giam
manh va xuat hién gia tri &m. C4c gia tri Am nay khong phan anh hién tuong hap thu
nudc Am vé mit vat Iy, ma cho thiy sy phan rd dang ké cia hat trong méi truong thi
nghiém. Khi cAu tric gel bi pha vo, mot phﬁn vat li€u bi hoa tan hoac phan tan ra ngoai,
lam khoi luong mau con lai nhé hon khdi luong hat kho ban dau, dan dén gia tri &m clua
phan trim hap thu nudc.

Dbi v6i hat LMP—Ca, kha ning hip thu nude duy tri 6n dinh hon va gia tri ludn
duong trong toan bo thoi gian thi nghiém. Sy 6n dinh nay c6 thé duoc giai thich do mang
ludi gel ionotropic cia LMP—Ca dugc hinh thanh chét ché hon, giup hat c6 kha ning
chéng lai tac dong ctia mdi trudng md phong dich rudt, han ché qué trinh truong nd qua

muc va phan ra.
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Trong khi d6, hat ALMP-Tween80—Ca thé hién kha ning hap thy nuéc cao hon

so vo1 LMP—Ca, dat cuc dai vao khoang 40 phut, sau d6 giam dan. Khac voi hat ALMP—
Ca, chung khong xuét hién su sut giam dot ngot va van duy tri gia tri hép thu nudc duong
cho dén cubi thi nghiém. Két qua nay cho thdy su c6 mit cia Tween—80 c6 thé gop phan
6n dinh cau tric gel cia hé ALMP—Ca, nho d6 1am chdm qua trinh phan hiy va giam
khéi lwong trong méi truong pH cua dich rudt mé phong.

Két qua nghién ctru cho thly ALMP-Ca c6 kha nang hap thu nudc cao hon LMP-
Ca, phu hop véi két qua ciia Sriamornsak va Kennedy [37]. Piéu nay c6 thé 14 do pectin
ALMP dé hinh thanh lién két hydro giita cac nhém amide va phan tir nudce [50].

Viéc bd sung Tween—80 giup cai thién d6 on dinh ctia mang ludi gel bang cach
giam cac twong tac ky nude, tir d6 duy tri cdu tric gel trong thoi gian dai. Quan sat nay
tuong tw véi cac nghién ctru trude ddy, trong d6 viée bd sung chit hoat dong bé mat da
dugc ching minh giup ting do on dinh va kiém soat hiéu qua qua trinh giai phong
curcumin tur cac hat pectin [51].

3.3. DPanh gia kha nang gidi phong Quercetin trong dich gia dinh duwong ruft

Thuc hién cac thi nghiém in vitro nham danh gia su giai phong Quercetin tir ba
loai hat (ALMP-Ca, ALMP-Tween80-Ca va LMP-Ca) trong mdi truong mo phong dich
rudt (dung dich dém phosphate, pH = 6,4, & 37 °C). Qua trinh phan giai Quercetin dugc
thé hién trong Hinh 3.4 va Hinh 3.5.

Qua trinh gidi phéng Quercetin tir cac hat pectin trong méi trudng méd phong dich
rudt (pH = 6,4, 37 °C) trong thoi gian 240 phut dugc thé hién trén Hinh 3.4. Két qua cho
thidy, ALMP-Tween80-Ca c6 mirc giai phong Quercetin cao nhat, ca ¢ giai doan giai
phong nhanh ban diu va ndng d6 Quercetin sau cung. Diéu nay cho thdy Tween—80
dong vai trd quan trong trong viéc ting do hoa tan va kha ning khuéch tan Quercetin,
gitip giai phong hidu qua hon vao méi trudng xung quanh. Cac dic tinh hoat dong bé
mat cua Tween—80 giup phan tdn cac phan tir Quercetin, gidm tuong tac giira cdc phan

tir, tir d6 tang kha nang khuéch tan va giai phong hoat chat.
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Céc hat ALMP-Ca thé hién muc giai phong Quercetin & mirc trung gian, v6i luong

Quercetin giai phong cao hon so v6i LMP-Ca nhung thap hon dang ké so voi ALMP-
Tween80-Ca. Piéu nay cho thdy mic di ma tran pectin trong ALMP-Ca cho phép
khuéch tan Quercetin, nhung viéc thiéu Tween—80 din dén tdc d6 phan giai Quercetin
cham hon. Cac tuong tic gitta cac chudi polymer trong cau tric ALMP-Ca c6 thé tao ra
rao can han ché viéc khuéch tan Quercetin, dan dén dong hoc giai phéng & mirc vira
phai. Quan sat nay phu hop véi dong hoc hap thu nudc ¢ Hinh 3.3. Cac hat ALMP-Ca
ban dau hép thu nudc nhanh, dat dinh trong khoang 30—60 phut, tao diéu kién thuan loi
cho su khuéch tan Quercetin.

Nguoc lai, cac hat LMP-Ca cho théy néng do Quercetin gidi phong thép nhét theo
thoi gian. Piéu nay duoc 1y giai boi mang ludi gel lién két chat ché gitta LMP va ion
Ca?*, hinh thanh ma tran c6 d6 lién két chéo cao, cung va it xép, tir d6 han ché khuéch
tan Quercetin va lam cham tc do giai phong tong thé. Quan sat & Hinh 3.3 ciing phu
hop v6i nhan dinh nay, khi cac hat LMP-Ca hap thu nudc 6n dinh va ¢ muc thip, phan
anh cau trac gel dic va kha niang trurong no han ché, dan dén toc do giai phong Quercetin
cham nhit trong ba cong thc.

Nhitng két qua nay phu hop véi cic nghién ctru trude ddy vé viée cai thién sinh
kha dung cua Quercetin. Cu thé, trong nghién ctru ctia Vii va cong su [52], Quercetin
duoc bao ché dudi dang phirc phytosome va dwa vao vién nang cing nham ting d6 hoa
tan va hap thu. Két qua cho thiy Quercetin phytosome hoa tan trén 90% trong 45 phut,
cao hon dang ké so véi Quercetin ty do. Ngoai ra, nghién ctru nay ciing nhan manh vai
trd ciia Tween—80 trong viéc ting cuong giai phong hoat chat. Khi két hgp Tween—80
v6i ta duge sodium starch glycolate, cong thirc cho thay téc d6 hoa tan Quercetin nhanh
hon, pht hop véi két qua cua chung t6i, ring ALMP—Tween80—Ca dat hiéu suit giai
phong cao nhét.

Hinh 3.5 thé hién ty 1¢ giai phong Quercetin tir cic cong thirc hat pectin trong subt
thoi gian khao sat. Két qua cho thdy mé hinh giai phong hai pha dic trung & ca ba cong
thirc, bao gdm pha giai phong nhanh ban dau trong khoang 30 phut dau tién, tiép theo 1a
pha giai phong cham va c6 kiém soéat (thuong do dic tinh cau tric ctia hé mang quyét
dinh). Pha giai phong nhanh dugc cho 1a bt ngudn tir sy khuéch tan ctia Quercetin hap

phu trén bé mit hat, trong khi pha giai phong chdm c6 thé lién quan dén qua trinh truong
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nd va’hodc x61 mon dan ctia ma tran pectin, dan dén sy gidi phong kéo dai ctia hoat chat

trong mo1 trrong mo phong dich rudt.

Cac hat ALMP-Tween80—Ca cho thiy ty 18 giai phong Quercetin cao nhat, dat
khoang 90% tai trang thai c4n bang. Hiéu suit giai phong vuot trdi nay cho thay Tween—
80 khong chi ting do hoa tan cua Quercetin, ma con cai thién kha niang khuéch tan cta
phan tir hoat chét trong mang ludi polymer, nhd d6 thuc day sy giai phong hiéu qua ra
mai trudng xung quanh. Két qua nay khang dinh vai tro ctia chat hoat dong bé mat trong
tang cuong tinh san cé sinh hoc (murc d6 thude duge hap thu) va hiéu qua phan phdi cia
hé pectin mang thudc.

Hién tuong nay c6 thé duoc 1y giai rd hon dya trén xu huéng hip thy nudc & Hinh
33.0 giai doan dau, cac hat ALMP-Tween80—Ca hép thu nuéc manh, thic déy su
truong nd ctia mang polymer va tao diéu kién thuan loi cho qué trinh khuéch tan
Quercetin vao moi treong xung quanh. Tuy nhién, sau khoang 120 phut, mang polymer
bét dau suy yéu, thé hién qua su giam dang ké kha ning hap thu nude. Sy suy giam ciu
tric ndy din dén giam kha nang gitr Quercetin trong hat va c6 thé anh huéng dén qua
trinh giai phong c6 kiém soat. Hé qua 13 nong d6 Quercetin trong méi truong dat trang
thai can bang, cho thay phan 16n Quercetin dé khuéch tan da dugc giai phong, trong khi
phan con lai van bi giir trong cdu tric gel da phan ra hoic duoc giai phong cham hon.

Céac hat ALMP—Ca thé hién dic tinh giai phong & mirc trung binh, dat khoang 60%
Quercetin vao cubi thi nghiém. Két qua nay cho thdy ma trin ALMP—Ca khéng tao ra
rao can khuéch tan dang ké, nhung van gitr lai mot phan Quercetin trong cau tric gel.
Su Véng mit cua chét hoat dong bé mit nhu Tween—80 c6 thé dan dén tuong tac
Quercetin—pectin manh hon, 1am cham qua trinh giai phong tong thé. Quan sat nay twong
ddng v6i cac nghién ctru trude ddy vé hé vi hat polymer, trong d6 vi hat hinh ciu
Quercetin—chitosan—alginate (ty 1¢ 2:15:30) cho thay dic tinh giai phong kéo dai. Viéc
khong bd sung chét hoat dong bé mit dan dén mo hinh giai phong co6 kiém soat hon, voi
ty 1& thudc giai phong chi dat 63,45% trong cac cong thirc gidu chitosan & pH = 6,8 sau
7 gio [53].

Céc hat LMP—Ca cho théy ty 1& giai phong Quercetin thap nhat, chi dat khoang
50% tai trang thai can bang. Két qua nay phu hop véi dit liéu trong Hinh 3.3, cling cb
nhan dinh ring mang ludi gel bén virng cia LMP—Ca d3 han ché dang ké sy khuéch tan

cua Quercetin. Murc d0 lién két chéo cao cung cau triic ma tran déc, it xop cua LMP-Ca
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lam giam kha ning hap thy nude va truong nd polymer, tir d6 1am chdm qua trinh giai

phong hoat chat.
3.4. Quan sat cdu triic bé mit hat bang kinh hién vi dién tir quét (SEM)

Hinh anh kinh hién vi dién tir quét (SEM) cho thay su khac biét rd rét vé ciu trac
bé mat gifra ba loai hat pectin: ALMP—Ca, LMP—Ca va ALMP-Tween80—Ca. Cac anh
duoc ghi nhin bang kinh hién vi dién tir quét Hitachi S-4800 & ché dd electron thtr cip
(SE), cho phép quan sat bé mit va cau trac ctia hat. Cac thong s thi nghiém, bao gém
dién 4p gia téc (accelerating voltage), khoang cach 1am viéc (working distance), do
phoéng dai (magnification) va thudc ty 1€ (scale bar), dugc trinh bay rd rang dudi ting
anh nham dam bao kha ning tai 1ap két qua va minh bach trong phan tich hinh thai hoc.

Anh hién vi dién tir quét (SEM) clia cic mau hat pectin duoc trinh bay lan luot:
ALMP-Ca (Hinh 3.6), LMP-Ca (Hinh 3.7) va ALMP-Tween80-Ca (Hinh 3.8), hinh anh
dugc ghi nhan & cac diéu kién chup khac nhau nham danh gia hinh thai va cau tric bé
mat cua hat. Cac anh dugc chup véi dién ap gia tde 10 kV, d6 phong dai tir 2.000% dén
20.000%, khoang cach lam viéc (WD) ¢ dinh 8,0 mm, va thudc ti 1é (scale bar) tir 2 um
dén 20 pm.

Viéc sir dung dién ap 10 kV cho phép tao ra hinh anh vé&i d6 phan giai cao, dong
thoi giam nguy co hu hai hodc tich dién trén bé mat hat pectin, von ¢ ban chat polymer.
Khoang cach lam viéc 8 mm duogc lya chon dé duy tri do sau truong anh ti uu, giap
ving quan sat rd nét va can bang giita do phong dai va do twong phan.

O mirc phong dai thip (2.000%x—5.000%), hinh anh SEM cho phép quan sat hinh
thai tong thé, kich thudc va phan bd hat, trong khi & mirc phong dai cao hon (15.000%x—
20.000x%), co thé nhan dién vi cu tric bé mit, bao gém do Xé)p, do nhin, vét nirt va mirc
d6 két dinh giira cac polymer. Thanh thudc ti 1 (scale bar) tir 220 um giup dinh luong
tryc quan kich thudc hat va dic trung bé mat, tir d6 so sanh cac dic diém vi cau trac
gitra cac loai hat.

Viéc so sanh hinh anh SEM ¢ cac do phong dai khac nhau cho phép danh gia anh
hudng cua thanh phan pectin (ALMP, LMP) va chat hoat dong bé mit Tween—80 d6i
voi mtre do lién két mang gel, d0 bén co hoc, tinh df)ng nhét va tinh 6n dinh cu trac cua
hat pectin, cung cap co s truc quan giai thich su khac biét trong kha ning hap thu nudce

va dong hoc giai phong hoat chat.
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Hinh 3.6. Anh hién vi dién tir quét (SEM) thé hién hinh thdi bé mdt cia hat ALMP—Ca

bao goi Quercetin
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Hinh 3.7. Anh hién vi dién tir quét (SEM) thé hién hinh thdi bé mdt ciia hat LMP—Ca

bao goi Quercetin
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Hinh 3.8. Anh hién vi dién tir quét (SEM) thé hién hinh thdi bé mdt cia hat
ALMP-Tween80-Ca bao goi Quercetin
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Anh SEM cho théy su khac biét rd rét vé hinh thai gitra ba loai hat pectin. Céc hat

ALMP—Ca (Hinh 3.6) c6 cu trac xuat hién nhiéu vét niit va ving bé mit khong dong
nhat, phan anh mang ludi polymer 16ng 1éo. C4u tric nay tao diéu kién thuan loi cho qua
trinh thdm nudc va truong né nhanh cia hat trong méi trudng mé phong dich rudt.

Nguoc lai, LMP—Ca (Hinh 3.7) thé hién bé mit ran chéc, it vét nut, dic trung cho
ciu trac gel dic va 6n dinh hon do mirc d6 lién két chéo cao giira cac nhém carboxyl
cua pectin va ion Ca*".

Pang chi y, ALMP-Tween80—Ca (Hinh 3.8) cho thiy bé mat dong nhat va min
hon so v61 ALMP—Ca, phan anh sy cai thién vé dd bén co hoc va tinh toan ven cau trac
gel. Sy c6 mat cua Tween—80 — mot chit hoat dong bé mat khong ion — gop phén phan
tan cac phan tir Quercetin ky nuéc, giam twong tac ky nudc gitta cac chudi polymer, tir
d6 hinh thanh mang gel ddng nhat hon va anh hudng tich cuc dén kha nang hap thy nude
cling nhu 6n dinh céu trac hat.

Nhitng quan sat hinh thai nay phu hop véi két qua khao sat dong hoc hip thu nude
(Hinh 3.3). Cu thé, hat ALMP—Ca hép thu nudc nhanh trong 30—60 phat dau, sau d6
giam manh sau 120 phut, cho thiy sy suy giam cau trac do mang polymer bi sup d6 —
hién twong twong Ung voéi hinh thdi xdp duwoc quan sat trén anh SEM.
Trong khi d6, LMP—Ca hap thy nudc cham va & muc thap, phan anh mang gel c¢6 d6 lién
két chéo cao va ciu triic 6n dinh, qua d6 1am cham qua trinh giai phong Quercetin.
Pbi voi ALMP-Tween80—Ca, kha ning hap thu nudc cao hon LMP—Ca nhung van duy
tri duoc tinh 6n dinh cu trac, ching to vai tro ciia Tween—80 trong viéc giam tuong tac
ky nuéc va han ché sy phan ra sém cia mang gel.

Céc két qua nay phu hop voi nghién ctru trude day vé hat calcium pectinate chira
rutin, trong dé anh SEM cho thﬁy su cO6 mat cua sorbitol 1am tang do nham bé mit va do
x6p, tir d6 thiic day kha ning hap thu nudc va toc do giai phong rutin [5]. Tuong tu,
trong nghién ctru ndy ciing khang dinh cu tric xp cia ALMP—Ca tao diéu kién thuén
loi cho qua trinh hydrat hda nhanh va giai phong Quercetin cao, trong khi ma tran dac
hon ctia LMP—Ca lam chim hai qua trinh ndy. Pang cha ¥, cé sorbitol va Tween—80 déu
dong vai tro nhu cac chat hoat dong bé mit, gop phan on dinh mang gel va diéu chinh
cac dic tinh cdu triic — chtrc ning cua hé dan truyén pectin.

Nghién ctru cia Wang va cong su [42] cho thiy cac hat whey protein isolate—pectin

hinh thanh mang gel ran véi kich thuéc 16 nhé hon khi ting ndng do pectin khi quan sat
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qua anh chup SEM, din dén téc d6 giai phong Quercetin giam dang ké. Két qua nay phu

hop véi quan sat cia chiing t6i, khi cac hat LMP—Ca thé hién bé mat day dédc va cau trac
gel chat hon so vo1 ALMP—Ca.

Két qua SEM két hop voi dong hoc hap thy nude cho thiy mdi quan hé 13 rang
gilta cAu trac bé mit hat, kha ning truong nd va giai phong Quercetin. Cac hat ALMP—
Ca c6 cu triic v6i nhidu vét nit, it bén virng, dan dén hap thu nudc nhanh va giai phong
hoat chét cao nhung kém on dinh. Nguoc lai, LMP—Ca véi ma tran gel ddc, lién két chat
ché, hp thu nudc cham va giai phong Quercetin c6 kiém soat, dong thoi duy tri cau tric
6n dinh. Su bo sung Tween—80 trong hat ALMP-Tween80—Ca gitip 6n dinh cdu tric
gel, giam tuwong tac ky nudc va duy tri kha nang hap thy nude hiéu qua, tir d6 diéu chinh
tbc do giai phong hoat chat mot cach on dinh hon. Nhu vay, cAu trac hat va thanh phé”m
pectin, chat hoat dong bé mat 13 yéu t6 quyét dinh truc tiép dén dic tinh chic ning cia

cac hat calcium pectinate.
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KET LUAN VA KIEN NGHI

1. Kétluin

Nghién ctru da xay dung thanh cong quy trinh tao hat pectin bao goéi Quercetin
bang phuong phap tao gel ion hoa.

Két qua cho thay ba loai hat (ALMP—Ca, LMP—Ca va ALMP-Tween80—Ca) ¢
su khac biét rd rét vé dic tinh Iy — hoa, kha ning hap thu nudc va dong hoc giai phong
Quercetin. Trong d6, hat ALMP-Tween80—Ca dat hiéu suat bao goi cao nhat, giai phong
Quercetin kéo dai va on dinh hon nho vai trd ciia Tween—80 trong viéc ting kha ning
truong nd va cai thién do tan hoat cht. Nguoc lai, LMP—Ca v61 mang ludi lién két chéo
bén ving thé hién kha ning hap thu nudc thap va téc do giai phong cham, thich hop cho
hé din thudc kiém soét giai phong.

Anh chyp SEM cho thiy ALMP-Tween80—Ca cé cdu tric gel dong nhat va bé
mat dac hon, gop phﬁn tang do bén co hoc cua hat.

Nhin chung, két qua nghién ciru cung cap co s khoa hoc cho viéc phat trién hé
dan truyén hoat chat trén nén pectin, dong thoi khang dinh tiém nang cia ALMP két hop
Tween—80 nhu véat liéu mang trién vong, vura tang tinh on dinh, vira cai thién kha nang
giai phong va hap thu Quercetin tai rudt, mo ra huéng ting dung trong dwoc pham va
thuc pham chtic ning.

2. Kién nghi

Dua trén két qua nghién ctru tng dung pectin lam hé thong phan phdi tic nhan
hd tro diéu tri bénh duong rudt, maot s6 kién nghi va dinh hudng tiép theo cua dé tai,
bao gom:

1. Téi wu héa cong thirc bao ché:

- Piéu chinh ty 18 pectin, ion Ca?*, Tween—80 va cac thanh phan b sung khac
nhur lecithin nham nang cao hiéu suat bao géi, cai thién kha nang truong nd va kiém soat
tdc do giai phong Quercetin.

- Tién hanh thiét ké thi nghiém theo phwong phap t6i uu hoa da yéu t6 dé xac
dinh cong thic Iy tudng cho cac muc tiéu chirc ning cu thé.

2. M6 rong nghién ctru trong cac moi truong sinh 1y khéc:

- Thuc hién cac thir nghiém trong méi trudng moé phong da day (pH = 1,2) va ruot
gia (pH = 7,4+7,8) dé danh gia sy 6n dinh va dong hoc giai phong hoat chét trong hé

tiéu hoa.
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- Trién khai thir nghiém in vivo trén mo hinh dong vat nham x4c dinh do an toan,

sinh kha dung va hiéu qua hudng dich tai rudt cua h¢ hat pectin—Tween80.

3. Két hop pectin véi cac polymer ty nhién khac:

- Nghién ciru hé phdi hop pectin—polymer ty nhién nhu chitosan, alginate, gelatin
dé ting cudng d6 bén co hoc, kiém soét giai phong hoat chat va kha nang hudéng dich.

- Panh gia anh hudng cia ting polymer bd sung dén ciu trac gel, kha ning
truong, hap thy nudc va twong tac voi hoat chat bao goi.

4. Mé rong tng dung cho cac hoat chat kém tan:

- Ap dung h¢ hat pectin-Tween80 dé bao goi cac hgp chit sinh hoc hoic dugc
chat kém tan khac, tir d6 phat trién cac hé dan truyén thudc va thyc pham chic ning c6
hiéu qua cao, ting d6 6n dinh va kha nang hudng dich toi rudt.

- Thyc hién danh gi4 toan dién vé& d6 hoa tan, tc do giai phong va hiéu qua sinh

hoc truéc khi 4p dung vao nghién ctru tién 1am sang hodc phat trién san pham cy thé.
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10. TONG QUAN TiNH HiNH NGHIEN CUU THUQC LINH VUC CUA PE TAI &
TRONG VA NGOAINUGC

10.1. Ngoai nudc
Hic:en nay, cac polysagcharide ddc biét 1a pectin methoxyl héa thép (LMP) dugc pghién ciru la}.m
chat nén d€ vén chuyeén cac hop chit c6 hoat tinh sinh hoc (chét chéng oxy héa, chét khéng khun)
nh¢ vao kha nang tao gel clia chiing véi céc cation [1]. LMP 1a polymer ti nhién, khong doc hai,
¢6 kha nang phan huy va tuong thich sinh hoc dugc sit dung phd bién trong nganh cong nghiép
thuc pham, duoc pham. Thue té, dang thudc dua trén chit nén LMP c6 kha nang chiu dugc d6 pH
thip trong da day va bi vi sinh vét trong dai trang phin hity nhanh chéng [2]. Mot sb nghién ciru
cho thay qua trinh giai phong thubc c6 lién quan méat thiét dén céu tric chit nén canxi pectinate
qua cac nghién ciru [3], [4], [5]. Do d6, img dung ctia LMP trong hé théng phan phéi thude, dgc
biét huéng dich t6i dudmg rudt khién LMP trd thanh {mg vién tiém ning trong viéc diéu tri cac
bénh ly dudng rudt.

10.2. Trong nudc
Mot s0 nghién ciru trong nuée cho thdy (mg dung tiém ning ctia LMP trong thuc phim chitc ning
va bao quan thuc pham. Nghién ciru tmg dung cdng nghé enzyme trong san xuit chit xo hoa tan
(Inulin, Inulo-Oligosacchride, Pectin) dé phat trién thuc phdm chirc ning hd trg tiéu héa cho bd doi
lam nhi¢m vu dic biét [6], cho thdy san phim giup cai thién bénh tdo bén va hd tro hé tiéu héa hiéu
qua. Cing vdi d6, nghién ciru xay dung cong thirc tao mang pectin-alginate tir pectin chiét xuét tir
v6 qua chanh day, alginate, glycerol va Ca?" di chi ra rdng mang pectin tao thanh c¢6 dic tinh k¥
thudt vurot trdi nhu d6 day 0,139 mm va sirc cing 30,84 MPa, kéo dai thoi gian bao quan qua chanh
day tuoi thém 4 ngdy, mé ra kha ning tmg dung trong bao quéan rau qua tuoi [7]. Mét nghién ciru
khéc vé mang pectin-chitosan v6i ti 1€ phdi tron 50:50 da tao ra mang c6 do bén kéo dit cao, d6

tham hol nude thap va c6 kha ning khang vi sinh vit, cho thay tinh hiéu qua trong bao quan thuc

pham [8]. Ngoai ra, pectin tir nha da.rq dugc tmg dung dé bao boc submicron curcumin, dic diém

cuia hé pectin bao boc dugc danh gi4 bang phuong phap LDS (Laser Diffraction Spectrometry) cho

thdy pectin nha dam c6 thé thay thé pectin thuong mai trong cac ung dung lién quan [9].
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11. TINH CAP THIET CUA PE TAI

Bénh duong rudt ngay ca.ng phd bién do 16i song hién dai va gdy anh hudng nghiém trong dén stc
khoe cling nhu chat luong song cua ngudi bénh. Viée img dung pectin, mot polysaccharide tw nhién,
1am hé thong phén phéi tic nhan hd trg diéu tri bénh duodng rudt mang lai nhiéu loi ich, nhé kha ning
chdng lai m6i trudng axit. da day va giai phong hoat chét tai dudng rudt. Vi tinh an toan va kha nang
sinh hoc cao, pectin gitip t6i wu hidu qua diéu trj bénh va gidm tac dung phy, ddp ung nhu ciu vé
phuong phap diéu tri bénh dudmg rut higu qua va than thién vdi co thé, gbp phan phat trién cac hé
phan phdi duge chit hogc lgi khuan hiéu qua, bén vimg,.

12. MUC TIEU PE TAI
1. Ung dung pectin methoxyl héa thap tao vién nang bao goi tac nhan chita bénh duong rudt.

2. banh gia hi¢u qua cua pectin trong viéc bao géi va giai phong tic nhan trong dich gia dinh duomg
rudt.

13. POI TUQNG, PHAM VI NGHIEN CUU

13.1. Péi twong nghién ciru

- Pectin methoxyl héa thip (LMP).

- Chon 01 tAc nhan hd trg diéu tri bénh duong rudt.
13.2. Pham vi nghién ctru

Nghién ctu trong diéu kién mé phong in vitro.




14. CACH TIEP CAN, PHUONG PHAP NGHIEN CU'U
14.1. Céch tiép can

Nghién ciru dugc thue hién trén pectin methoxyl héa thap (LMP), st dung ion canxi dé tao gel nhim
bao g6i mot tic nhén hd tro didu tri bénh duong rudt. Tién hanh danh gid ddc tinh cha v1en nang va
phén glaJ tdc nhén trong dich gia dinh duong rudt (mo hinh in v1tro) Tur do, xac dinh mbi tuong quan
gilta cau trlic vién nang va hiéu qua gidi phéng tac nhan hd trg diéu tri bénh dudng rudt.

14.2. Phuong phap nghién ctru

- Tao vién nang bao géi: Két hop pectin methoxyl héa thép (LMP) v6i tac nhan hd trg diéu tri bénh
dudng rudt, tao vién nang bang cach sir dung ion hoa tri hai dé tao ra gel tir LMP.

- Pénh gid hiu qua bao géi va g1di phong:

+ Xéc dinh hi¢u suét bao g6i bing quang phd UV-VIS.

+ Panh gia toc do, ty 1é giai phong tac nhéan trong dich gia dinh dudng rudt.

- Phén tich déc tinh vién nang: Quan s4t hinh dang va céu trac bé mit vién nang b?mg kinh hién vi
dién tr quét (SEM).

15. NOI DUNG NGHIEN CU'U VA KE HOACH NGHIEN CU'U
15.1. Noi dung nghién ctru

- N§i dung 1: Tdng quan tai liéu, chuin bi dung cu, héa chit, thiét bi thi nghi¢m.

- Noi dung 2: Tao vién nang tr pectin methoxyl héa thép két hop tic nhan hé trg diéu tri bénh dudmg
rudt bang cach sir dung ion héa tri hai.

- N6i dung 3: Danh gia higu qua bao g6i va giai phéng tic nhén

+ Xéc dinh hiéu suét bao go1 bang quang phé UV-VIS.

+ Panh gia toc do, ty 18 giai phoéng tac nhan trong dich gia dinh dudng ruét.
- Noi dung 4: Phan tich dic tinh vién nang

+ Quan st hinh dang va céu triic bé mit vién nang bang kinh hién vi dién tir quét (SEM).
+ Viét bao cdo.

15.2. Ké hoach nghién ciru

Thoigian | EYCT IOV
2 2 (thing/nam P
ST Néi dung cong viée Bafphinr bitdu- | (8hicuthé ho
T théng/nm va tén) — chen
két thic) cot jgn’;g dy
. Huynh Thj
Noi dung 1: Tong quan tai liéu, chuén bi be cuong 01/2025- Diér‘n Uyén,
L dung cu, héa chét, thiét bi thi nghiém. nghién ctu 01/2025 D6 Hong Hanh,
Dao Thi Thuy
Noi dung 2: Tao vién nang tu pectln Huynh Thi
methoxyl héa thap két hop tic nhan hd tro Vién nan 01/2025- Diém Uyén,
2. | diéu tri bénh duong rudt bang céch s dung & 04/2025 Nguyén Thi
ion hoéa tri hai. Trung Chinh




Fr N¢i dung 3: Danh gia hi€u qua bao gbi va
giai phéng tac nhan:
+ Xac dinh hiéu suit bao goi bing quang phd | g4 Jigu 01/2025- | HuynhThi
3. |UV-VIS; danh gia 06/2025 Diém Uyén
+ Pénh gia toc d9, ty 1€ giai phong tac nhin
trong dich gia dinh duong rudt.
Nojdwagd: =~ Hinh anh
- Phén ’,uch‘ dac tinh vién nang ,thonkg qua viée phan tich; 01/2025- Huynh Thi
4, | quan sét hinh dang va cdu tric bé mit vién 12/2025 Didm Uyén
nang bang kinh hién vi dién tr quét (SEM); Bin thio
- Viét bao cao. T
16. SAN PHAM
16.1. San phém khoa hoc
- Bai bdo ding trén tap chi c¢6 tén trong danh muc Scopus/SCIE O
- Bai bao dédng trén tap chi/ky yéu dugc tinh diém trong danh muc HDCDGSNN
- San phdm khéc:
Tai liéu huéng din thi nghiém O Tai liéu huéng din thuc hanh O
Bai thuc hanh/bai thi nghiém O Gido trinh [0  Tai liéu tham khdo [
16.2. San phim d3o tao:
Dao tao Cao hoc [ Pao tao NCS [
Hudng dén sinh vién bao vé dé tai/dd 4n tbt nghiep [J
Hudng din sinh vién nghién ctru khoa hoc O
16.3. San phim tmg dung
Chuong trinhmdy tinh ~ [J  Tiéu chuén 0 Chién luge O
Website [0 Phuong phap O Péan O
Thiét bi may moc [0 Tailiéu du bao (J Ban quy hoach O
Dy chuyén cong nghé¢ [J Ludn chimg kinh té [ Vatliéu O
M0 hinh [J Quipham 0 Miu O
So d, ban thiét ké [J Ban kién nghi 0 Gibng cdy trong O
Qui trinh c6ng nghé [0 Béo céo phan tich [0 Gibng vat nubi O
16.4. Tén san phim, sb luogng va yéu cAu khoa hoc dbi véi san phdm
TT Tén sian phim S6 lrong Yéu ciu khoa hoc
1 Bai bao khoa hoc ding trén tap chi/ky yéu - Tac gia chinh (hodc tac gia
" | duoc tinh diém trong danh muc HDCDGSNN 01 dau hodc tac gia lién hé) cua
bai bao 1a thanh vién tham
gia thuc hién dé tai;

- Pon vi cong téc cua tac gia
chinh thudc truong Pai hoc
Su pham Ky thudt - Pai hoc
Pa Ning




17. HIEU QUA (gido duc va dao tao, kinh t& - xa hdi)
Dé tai gop phan néng cao hiéu biét vé viéc sur dung pectin lam hé thong phan ph01 va giai ph()ng

t4c nhan hd tro diéu tri bénh duong rudt, lam tién @& cho c4c nghién ciru tiép theo vé hé phén phéi
dugc chat hodc 1oi khuan ¢6 kiém soat tai dudng rudt.

18. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA PIA CHI UNG DUNG
- Phuong thic chuyen giao két qua nghién ctru:
Ban giao truc tiép cho Khoa Cdng nghé Hoa hoc - Mdi truong, Trudmg Dai hoc Su pham K thuét,
Pai hoc ba Nang.

- biachi ing dung:

Truong Dai hoc Su pham Ky thuat, Khoa Cong nghé Ho4 hoc - Mbi trudong, BO moén Cong nghé
thuc phdm, dia chi 48 Cao Théng, phuong Thanh Binh, quin Hai Chau, TP. Pa Ning. Hoc phén: Hoéa
hoc thuc pham danh cho 30 sinh vién.




19. KINH PHI THU'C HIEN DE TAI VA NGUON KINH PHI

Tong kinh phi: 20.000.000 dong
Bang chit: Hai muoi tri¢u ddng chin

Trong d6:
- Tir ngudn Quy KHCN: 20.000.000 dong - Tir cac ngudn kinh phi khac: 0 dong
Dy trit kinh phi theo cic muc chi (phit hop véi néi dung nghién ciru):
Ngudn kinh phi C;'hl
Z . ’ . P P chu
Stt Khoan chi, ni dung chi Tong kinh phi | Kinh phi tir Cic

(BVT: VNDP) | Quy KHCN | nguén
(BVT: VNP) | khic

I | Chi tidn cong lao dong trye € b 18.800.000 18.800.000 k(if:n
2 | Chi mua vt tu, nguyén vat liéu
3 | Chi sta chita, mua sam tai san ¢ dinh
4 | Chi héi thao khoa hoc, cdng tac phi
5 | Chi tra dich vu thué ngoai phuc vu nghién
clru
6 | Chi diéu tra, kho sat thu thap s§ liéu
T Vin phong pham, thdng tin lién lac, in 4n AN 200.000 kClilloaéc;

8 | Chi Hoi dong tr danh gia

9 Quan Iy chung nhiém vy KHCN 1.000.000 1.000.000 Giao

khoan
10 | Chi khéc lién quan
TONG CONG 20.000.000 20.000.000 0
Ngay 20 thang o4nam 2025 Ngay 20 thang o4 nam 2025

TM. HQI PONG KHOA Chi nhiém de tai
(ky ho va té / (ky tén)
m

vy Huynh Thi Diém Uyén

~ /
Dad Nang, ngay R thang & nam 2625
Co quan Chii tri duyét o

/
PGS.TS. Vo Trung Hung
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Mdu BM.02-QT.01-KHCN

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phiue

GIAY XAC NHAN PHOI HQP THU'C HIEN VA SU DUNG SAN PHAM
SAU KHI HOAN THANH PE TAI CAP TRUONG

Kinh gui:  Khoa Cong nghé Hoa hoc — Méi truong
Truong Pai hoc Su pham K§ thuat, Pai hoe Da Nang.
1. Tén dé tai: Nghién ctru tmg dung Pectin 1am hé théng phan phéi tic nhan hd trg diéu
tri bénh dudng rudt. ;
2. Chii nhiém d@ tai: TS. Huynh Thi Didm Uyén
3. Pon vi phéi hop thue hién va sir dung san phdm dé tai sau khi hoan thanh:

Tén don vi: Kpoa Cong nghé Hoa hoc - Méi truong, Truong DPai hoc Su pham K§y thuat,
Pai hoc Da Nang.

Dia chi: 48 Cao Théng, phudong Thanh Binh, quan Hai Chau, TP. Pa Ning.
Dién thoai: 02363519689
a. Noi dung cong viéc phdi hop tham gia trong dé tai: Khong.
b. Cam két sir dung san pham d@ tai sau khi hoan thanh:
Khi dé& tai dugc duyét thue hién, ching t6i cam két s& phdi hgp vé6i chii nhiém dé

tai dé thuc hién dé tai va sé tiép nhan, st dung san pham cua dé tai sau khi hoan thanh.

Pa Ning, ngay 28 thang 42 ndm 2024
DPON VI PHOI HOP THU'C HIEN
VA SU DUNG SAN PHAM DE TAI
PHO TRUONG KHOA

CHU NHIEM PE TAI

= 2T

I
Huynh Thi Diém Uyén TS. Vé Vin Quén

TM. THU TRUONG PON VI
(ky va ghi rd ho va tén)

TS. V6 Vin Quan




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc ldp - Tw do - Hanh phic

Ngay 24 thang 01 nam 2025
HOQP PONG TRIEN KHAI THU'C HIEN
PE TAI KHOA HQC VA CONG NGHE CAP TRUONG
S6: 07/HD-KHCNCS-2024

- Cén cu B0 luét dan sy ngay 24 thang 11 ndm 2015;

- Cén cu Luat khoa hoc va céng nghé ngay 18 thang 6 nam 2013;

- Can cl Quyét dinh s 1749/QD-TTg ngay 08 thang 11 nam 2017 ciia Thia twéng Chinh ‘
pliﬁ v€ viéc thanh lap Truomg Pai hoc Su pham K§ thudt (DPHSPKT) thudc Pai hoc Da }
Nang; i

- Cian ctt Thong tu s6 03/2023/TT-BTC ngay 10 thang 01 nim 2023 cia Bd truéng B ‘
Tai chinh vé viéc quy dinh lép du toédn, quan ly su dung va quyét toan kinh phi ngin |
séch nha nudc thuc hién nhiém vu khoa hoc va cdng nghé;

- Can o Quyét dinh s6 216/QD-DHSPKT ngay 09 thang 3 nim 2018 ctia Hiéu truéng
Trudng Pai hoc Su pham K§ thuat vé viéc ban hanh Quy dinh vé quan Iy & tai khoa
hoc va cong nghé cip co s& (cip Truong) do Trudong Pai hoc Su pham K§ thuit quan
ly;

- Can ctr Quyét dinh sé 42/QD-DHSPKT ngay 21 thang 01 nam 2025 cia Hiéu trudng
Trudng Pai hoc Su pham K§ thuat vé viéc phé duyét kinh phi va giao nhiém vu thuc :
hién dé tai khoa hoc va céng nghé (KH&CN) cdp Truong; :

Sau khi xem xét muc tiéu, ndi dung nghién ciru va san phéxn khoa hoc cua e tai
KH&CN (sau day goi tdt 1a “dé tai”):

“Nghién ciru img dung Pectin lam hé théng phin phdi tic nhan hj tro didu tri
bénh duwomg rudt.” ,

Mai sb: T2024-06-07.

Bén A: Truong Pai hoc Sw pham Ky thuiat

Dai dién: Ong Nguyén Lé Hing  Chirc vu: Hiéu trudng

Dia chi: 48 Cao Thing, Quin Hai Chau, Thanh ph6 Pa Ning

Dién thoai: 0236.3822571 Fax: 0236.3894884

S tai khoan: 3716.1.1055693.00000 tai Kho bac Nha nuéc Pa Ning

2.Bén B: Ba: Huynh Thi Diém Uyén 1a Chi nhiém d2 tai

- S6 CCCD: 051184003263 ngay cép: 02/6/2024 noi cép: Cuc cinh sat Quan ly

Hanh chinh vé Trét tr X4 hoi, B6 Cong an. i
- 86 Taikhoén: ~ 56110000373288 tai ngan hang BIDV CN Da Nang
- M4 sb thué: 0400842032

T2024-06-07 Flusnh Thj Diém Uyvén



- Don vi: Khoa Céng nghé Héa hoc - Méi trrong, Truong Dai hoc Su pham K thuét, Dai
hoc Pa Nang.
- Dién thoai: 0914275528 Email: htduyen@ute.udn.vn

Va cdc thanh vién tham gia thuc hién dé tai theo thuyét minh dwogc duyét g(f;m:
2.1. Bén B: Ba Nguyén Thi Trung Chinh 12 Thanh vién,

- 86 CCCD: 048184007719 ngay cap 03/06/2024 noi cz‘ip: Cuc Canh sat Quan ly
Hanh chinh vé trat tu xa hoi.

-Sé Tai khoan: 5610270653 tal ngdn hang BIDV CN Dba Nang

- M3 s0 thué: 0400842184

- Pon vi: Khoa Cong nghé Hoa hoc — Méi truong, Truong Pai hoc Su pham Ky thuat,
Dai hoc Da Ning

- Dién thoai: 0975110110 Email: nttchinh@ute.udn.vn

2.2. Bén B: Ba Pao Thi Thuy 12 Thanh vién

- 86 CCCD: 049186004218 ngdy cap: 28/6/2021 noi cp: Cuc Canh sat Quan ly
Hanh chinh vé trat tu xa hoi.

- 86 Tai khoan: 5611541413 tai ngan hang BIDV CN Da Néng
- Ma 56 thué: 0401222761

- Don vi: Khoa Cong nghé Héa hoc — Mai truémg, Trudmg Dai hoc Su pham K§ thuét,
Dai hoc Da Ning

- Dién thoai: 0905676519 Email: dtthuy@ute.udn.vn

2.3. Bén B: Ba D6 Hong Hanh 1a Thu ky dé tai

- 86 CCOD: 001190035837 ngay cép: 17/04/2021 noi cdp: Cuc Canh sat Quan ly
Hanh chinh vé trat tu xa hoi.

- S6 Tai khoan: 5611298746 tai ngén hang BIDV CN Da Néng

- M3 s6 thué: 8648672341

- Don vi: Khoa Céng nghé Héa hoc — Méi truong, Trudng Pai hoc Su pham K§ thuit,
Dai hoc Pa Ning

- Dién thoai: 0969093450. Email: dhhanh@ute.udn.vn

Cung thoa thuén va thong nhét ky két Hop dong thuc hién @& tai KH&CN cip Trudng
(sau day goi tit 1a Hop ddng) vdi cac diéu khoan sau:

Piéu 1. P6i twong Hop dong

1. Bén A dat hang va Bén B nhén dat hang thuc hién d¢ tai KH&CN cip trudng (sau day
goi 12 dé tai) theo cac nodi dung trong Thuyét minh & tai da dwoc phé duyét (sau day goi
t4t 1a Thuyét minh).

2. Thuyét minh 12 b phan khong tach rdi cia Hop dong.

3. Néi dung Thuyét minh c6 thé dugc diéu chinh bing vin ban cua co quan co tham
quyén trén co s& su théng nhét cta hai Bén.

Diéu 2. Thoi gian thire hién Hop dong

1. Théi gian thuc hién @& tai 1a 12 théng, tir thang 01 nim 2025 dén thang 12 ndm 2025.
2

T2024-00-07. 11uiynh Thi Diém Uvén



2'; Thoi g}an ‘thuc’hién hop dong c6 thé dugc diéu chinh theo thoi gian thuc hién dé tai
béng quyét dinh cia co quan c6 thim quyén.

Piéu 3. Kinh phi dé tai:
1. Kinh phi thyc hién:

Tong cong: 20.000.000 dong
Trong d6:

- Kinh phi tir nguon Khoa hoc cong 20.000.000 dong
nghé:

+ Kinh phi khoan: 20.000.000 déng
+ Kinh phi khong giao khoan: 0 dong
- Kinh phi tir cdc ngudn khac: 0 dong

2. Tam Ung va thanh quyét toan kinh phi

- Tam tmg dot 1: Ngay sau khi ky két hop ddng, bén A s& tam tng cho bén B tdi da 50%
gia tri hop dbng khi c6 yéu ciu tam Umg cua bén B.

- Tam tmg dot 2: Bén A cép tam tmg t6i da 40% téng gid rj con lai ctia hop dong khi ¢6
4 nghi cia bén B va sau khi bén B phai hoan thanh hé so thanh toan tdi thiéu bang 50%
mirc kinh phi d4 tam \mg céc dot trude d6 trén co sG 48 tai duoc dénh gia hoan thanh tién
d6 thuc hién dot 1. Bén A thyuc hién thanh to4n cho bén B theo dung quy dinh hién hanh,
dbng thoi thu hdi cho dén hét s tién da tam Umg. S6 tién tam tmg dot 1 chira dugc thu hoi
thi s& dugc thu hdi trong 14n thanh todn cudi clng.

- Thanh todn dot cudi: Sau khi d tai duge nghiém thu chinh thirc, bén B phai hoan thanh
va nop hd so thanh quyét toan kinh phi t4t ca cac ngudn ké tir ngdy két thic nhiém vu
theo quyét dinh phé duyét nhiém vu va hop dong da ky két va trong pham vi nién d6 tai
chinh. Bén A thanh toén hét gi tri con lai ciia hop dong tir ngudn do bén A quan Iy theo
dang quy dinh hién hanh.

- Tuy theo két qua thuc hién hop dbng ma bén B chiu nhitng xr 1y tai chinh trong quy
dinh tai diéu 6 hop dong nay.

Piéu 4. Quyén va nghia vu ciia cic bén

1. Quyén va nghia vu ciia Bén A

a) Cung cép céc thong tin cin thiét cho viéc trién khai, thue hién Hop déng;

b) B tri cho Bén B sb kinh phi tir Truong DPHSPKT, DHDN quy dinh tai Piéu 3 Hop
dbng nay theo tién @9 ké hoach, twong tng véi cac ndi dung nghién ciru dugc phé duyét;
¢) T chirc phé duyét ké hoach d4u thiu, mua sém may moc, thiét bi, nguyén vét ligu va
dich vu cua dé tai bang kinh phi do Bén A cép (néu ¢6) theo quy dinh;

d) Tru6e mbi dot cip kinh phi, trén co s& bao céo tinh hinh thye hién dé tai cua Bén B,
Bén A can cir vio san phim, khdi hrgng cong viéc da hoan thanh theo Thuyét minh dé
cép tiép kinh phi thuc hién Hop dbng. Bén A c6 quyén thay dbi tién @6 cAp ho#ic ngimg
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cép kinh phi néu Bén B khong hoan thanh céng viée ding tién do, ding néi dung céng

viéc dugce giao;

d) Kiém tra dot xuét dé danh gi tinh hinh Bén B thuc hién dé tai theo Thuyét minh,

Truong DPHSPKT, DHDN thuc hién kiém tra dinh ky danh gia tinh hinh thuc hién dé tai

theo quy dinh hi¢n hanh vé& quan Iy dé tai khoa hoc va cong nghé cip Truong:

€) Kip thoi xem xét, giai quyét theo thdm quyén hoic trinh cép c6 thAm quyén giai quyét

kién nghi, d& xuét ciia Bén B vé didu chinh ndi dung chuyén mon, kinh phi va cac van dé

phét sinh khac trong qué trinh thye hién d2 tai:

g) To chire dénh gig, nghi¢m thu két qua thyuc hién dé tai cia Bén B theo c4c yéu ciu, chi

tiéu trong Thuyét minh;

h) C6 trach nhiém ciing Bén B tién hanh thanh Iy Hop ddng theo quy dinh hién hanh;

i) Phéi hop cung Bén B xir Iy tai san dugc mua shm bing ngan sach Trudng DHSPKT,

DHDN hodc duge tao ra tir két qua nghién ciru cua dé i sir dung ngén sich Trudng

DHSPKT, DHPN (néu c6) theo quy dinh cia phép luat;

k) Tiép nhan két qua thuc hién dé tai, ban giao két qua thuc hién d2 tai cho té chirc dé

xuét dat hang hoic té chire trién khai ing dung sau khi dugc nghiém thu;

1) C6 trach nhiém huéng dan viéc tra thu lao cho tac gia néu cé 101 nhuéan thu duge tir viéc

tmg dyng két qua ciia dé tai va théng béo cho tac gid viéc ban giao két qua thuc hién dé

tai (néu co);

m) Uy quyén cho Bén B tién hanh ding ky bao h quyén s hiru tri tué déi véi két qua

thuc hién dé tai (néu c6) theo quy dinh hién hanh;

n) Thuc hién cic quyén va nghia vu khéc theo quy dinh cua Luat KH&CN va céc vin ban

lién quan.

2. Quyén va nghia vu cua Bén B

a) T6 chirc trién khai dly du céc néi dung nghién ciru clia d2 ta dap tmg céc yéu ciu chit
lugng, tién d¢ va chi tiéu theo Thuyét minh;

b) Cam két thuc hién va ban giao san phim cudi cung dap Umg ddy du cac tiéu chi da
duoc phé duyét;

¢) Dugc quyén tu chd, tw quyét dinh viéc sit dung phin kinh phi @& thuc hién @2 tai theo
dy toan kinh phi @€ tai, duoc quyén ky két hop ddng thué khoan chuyén mén véi cac
thanh vién tham gia thuc hién; va céc hop ddng khic gdm: mua vit tu, nguyén, nhién, vit
ligu, sira chita, mua sém tai san c6 dinh, dich vu thué ngoai phuc vu nghién ctru, vin
phong phém, théng tin lién lac, in &n c6 gid tri dudi 20 triéu ddng;

d) Yéu ciu Bén A cung chp thong tin cin thiét dé tridn khai thyc hién Hop dong;

d) Kién nghj, dé xut diéu chinh c4c ngi dung chuyén mén, kinh phi va thoi han thyc hién
Hop dong khi cin thiét;
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e) Yéu ?éu Bén A cap du kinh phi theo ding tién do quy dinh trong Hop dong khi hoan
thanh ¢y du ndi dung cong viée theo tién d9 cam két. Dam bao huy dong di ngudn kinh
phi khéc theo cam két. St dung kinh phi diing muc dich, ding ché do hién hanh va ¢6
hiéu qua;
g) Déi véi cac hop ddng khéc dugc quy dinh tai diém c, khodn 2, Diéu 4 hop dbng nay c6
gid tri tir 20 triéu trd 1én: Chi nhiém &2 tai xay dung ké hoach mua sim dé giri Bén A phé
duyét va thuc hién mua sim theo quy dinh cua phép luét;
h) Chép hanh céc quy dinh phép ludt trong qua trinh thuc hién Hop ddng. Tao diéu kién
thuén loi va cung cip dy da thong tin cho cic co quan quén Iy trong viéc giam sat, kiém
tra, thanh tra d6i véi d tai theo quy dinh clia phap luét;
i) Thue hién viéc ty d4nh gid, nghiém thu chp co so theo quy dinh hién hanh khi két thuc
d2 tai. Sau khi dénh gi4, nghiém thu cép co s& hoan chinh lai hé so theo két ludn cia Hoi
ddng danh gid cdp co so, Bén B c6 trach phiém chuyén cho Bén A céac hd so dé Bén A
tién hanh viéc danh gia, nghiém thu theo quy dinh;
k) C6 tréch nhiém quan ly tai san dugc mua sim bing ngan séch cia Truong PHSPKT,
PHDN hoic dugc tao ra tr két qué nghién ciu cua dé tai sir dung ngan sach Truong
DHSPKT, DHDN (néu c¢6). Chi nhiém dé tai ¢6 trach nhiém ban giao tai sin dugc mua
sém bing ngan sach Truong PHSPKT, PHDN hoic dugc tao ra tir két quéa nghién ciru
cuia d@ tai cho co quan chii quan dé tai @ quan Iy va sir dung.
1) C6 trach nhiém cung Bén A tién hanh thanh ly Hop dbng theo quy dinh;
m) Thuc hién viéc ding ky bao ho quyén sé hitu tri tué theo ay quyén ctia Bén A dbi véi
két qua nghién ctiru (néu co);
n) Cha nhiém @& tai giao ndp két qua thuc hién 2 tai cho bd phén luu giit thong tin cla
co quan chi quan @2 tai. Co quan chi quan & tai x4c nhan viéc giao ndp két qua thuc
hién d tai cho chil nhiém d& tai.
0) Céc san phz‘im khoa hoc cong bd duoc tinh khi c6 161 ghi nhdn Truong DHSPKT,
PHDPN, cu thé nhu sau:

+ P&i v6i bai bao khoa hoc viét bang tiéng Anh: “This research is funded by The
University of Danang — University of Technology and Education under project number
T2024-06-07";

+ P&i véi bai bao khoa hoc viét bing tiéng Viét: “Nghién ciru ndy dugc tai tro
b&i Truong Pai hoc Su pham K§ thuat, Dai hoc Da Nang trong dé tai c6 ma s6 T2024-
06-07";

Pbi véi san phdm khoa hoc ¢6 10i ghi nhan Trudong DPHSPKT, DPHDN va cac
ngudn kinh phi trong nuéc khac, Truong DPHSPKT, DHDN s¢ tinh mirc d6 hoan thanh
clia san phim d6 nhu sau: Phin cong trinh duge tinh cho sin phim dé tai nay duoc chia
theo ty 1¢ déng gbp cia mbi ngudn kinh phi thuc hién. Trong trudng hop khong xac dinh
duwgc cu thé ty 16 déng gbp ciia mbi ngudn kinh phi thi phin cong trinh dugc tinh cho san
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phdm d¢ tai nay s& biing mot (01) chia cho sé ngudn kinh phi trong nu6e. Tong sO phén
cac cong trinh dugc tinh phai dap img yéu ciu vé s lugng theo thuyét minh dé tai da phé
duyét.

Théi gian thyc hién sin phim cia d& tai phai duoc trién khai trong khoang thoi
gian thuc hién dé tai.

p) Chi nhiém dé tai ciing véi cdc c4 nhan truc tiép sang tao ra két qua nghién ctru khoa
hoc va phat trién céng nghé dugc ding tén tac gia trong dé tai va hudng quyén tac gia bao
g0m ca cac 1o ich thu dugc (néu c6) tir viéc khai thac throng mai cac két qua thuc hién
d€ tai theo quy dinh phap Tudt va céc thoa thuén khac (néu co);

q) C6 tréch nhiém truc tiép hosic tham gia trién khai tmg dung két qua nghién ctru khoa
hoc va phat trién cdng nghé theo yéu ciu cua Bén A hoic tb chirc, c4 nhin dugc Bén A
giao quyén sé hiry, sir dung két qua thuc hién @& tai;

r) Thye hign bdo mat cac két qua thuc hién d& t3i theo quy dinh vé bao vé bi mit clia nha
nuoc;

s) Thuc hién cac quyén va nghia vy khac theo quy dinh Luit KH&CN va cac vin ban lién
quan.

Piéu 5. Chim dirt Hop déng

Hop dong nay chim dut trong cac truong hop sau:

1. Dé tai da két thic va dugc nghiém thu.

2. Bén B bi chéxp dirt hop dong thyc hién 2 tai khi c6 d& nghj thanh Iy Hop ddng cua Hoi
dong thanh ly dé tai cap Truong.

Diéu 6. Xir Iy tai chinh khi chdm dirt Hop ddng

1. D6i v6i dé tai da két thic va duoc nghiém thu:

az Dé tai da két thuc va danh gid nghiém thu tir mirc “Dat” tr& 1én thi Bén A thanh toan
day du kinh phi cho Bén B theo quy dinh tai Hop dong nay.

b) Dé tai da két thiic, nhung nghiém thu mirc “khc“)ng dat” thi Bén A xem xét, quyét toan
kinh phi cho Bén B trén co s két luén ciia Hoi ddng danh gid vé nguyén nhin, trach
nhiém va nhitng néi dung céng viéc ma Bén B da thuc hién ¢6 san phdm thuc té duoc
danh gia.

Bén B c6 trach nhiém hoan tra toan b sb kinh phi ngén sach nha nuéc di cip nhung chua
sir dung. D6i v6i khoan kinh phi da sir dung duoc 4p dung xir 1y déi véi treong hop d tai
khong hoan thanh dwgc quy dinh tai Diéu 16 Théng tu lién tich sé 27/2015/TTLT-
BKHCN-BTC ngay 30/12/2015 ctia B Khoa hoc va Cong nghé - B§ Tai chinh quy dinh
khoan chi thyc hién nhiém vu khoa hoc va céng nghé sir dung ngén sach Nha nudc.

2. D6 v6i @é tai chim dut khi c6 can ci khing dinh khong con nhu ciu thuc hién:

T2024-06-07, Hugnh Thi Difm Uyén



a) Truong hop Dé tai chdm durt khi c6 can cir khing dinh khong con nhu ciu thuc hién thi
hai bér} cing nhau xéc dinh khéi lwgng cong viéc Bén B da thuc hién dé 1am can cu thanh
toan s0 kinh phi Bén B da sir dung nhim thyc hién dé tai va thu hdi s6 kinh phi con lai da
cap cho Bén B.
b) Trudmg hop hai bén théa thuan ky Hop ddng moi dé thay thé va két qua nghién cru cia
Hop ddng cii 1a mot bd phén chu thanh két qua nghién ctu cua Hop dbéng mai thi sb kmh
phi da cip cho Hop déng cii dugc tinh vao kinh phi cip cho Hop ddng méi va duoc tiép
tuc thuc hién véi Hop dong méi.
3. Péi v6i D8 tai bi dinh chi theo quyét dinh ciia co quan c6 thm quyén hoac Hop ddng
bi chim dirt do Bén B khong np hd so dé danh gid, nghiém thu Dé tai theo quy dinh
phép luét thi Bén A sé tién hanh thd tuc thanh 1y dé tai theo quy dinh.
4. Déi v6i D tai khong hoan thanh do 131 ciia Bén A din dén viée chém dirt Hop dong thi
Bén B khong phai bdi hoan s kinh phi da sir dung dé thyc hién D@ tai, nhung van phai
thuc hién viéc quyét to4n kinh phi theo quy dinh ciia phép luat.
Pidu 7. Gia han dé tai
Trong trudmg hop Chu nhiém chua hoan thanh cac ndi dung nghién ciru va co dé xuat xin
gia han thoi gian thuc hién, Hop dbng tu dong gia han thém t6i da 6 thang theo quy dinh
(dén thang 6/2026) trén co s& béo cdo dinh ky tinh hinh thuc hién d& tai va két lugn cta
don vi chu tri.
Pidu 8. Xir Iy tai sin khi chdm dirt Hop dong
1. Khi chim dut Hop ddng, viéc xir 1y tai san dugc mua s&m hodc duoc hinh thanh bing
ngan sach Truong DHSPKT, DHDN cép cho 2 tai duoe thuc hién theo quy dinh phap
luét.
2. Céc san phim vét chét ciia DE tai sir dung ngén sach Truong DHSPKT, PHDN: ngudn
thu khi céc san phém nay duge tiéu thu trén thi trudng sau khi trir cac khoan chi phi cén
thiét, hop 1€, dugc phén chia theo quy dinh phap luét.
Piéu 9. Piéu khoin chung
1. Trong qué trinh thuc hién Hop ddng, néu mot trong hai bén c6 yéu cu sira dbi, bd sung
ndi dung hozc c6 cin cir dé chim dut thuc hién Hop d6ng thi phéi théng bao cho bén kia
it nhét 1a 15 ngay 1am viéc truéc khi tién hanh sira i, bb sung hodc chim dut thyc hién
Hop ddng, x4c dinh trach nhi¢m cua m&i bén va hinh thire xt ly. Céc sira déi, bd sung
(néu c6) phai 1ap thanh vin ban c6 dly di chir ky cua cac bén va dugc coi 1a by phén cua
Hop ddng va la can clt dé nghiém thu két qua cua deé tai.
2. Khi mét trong hai bén gip phai truong hop bét kha khang din dén viéc khong thé hodc
cham thuc hién nghia vu da thoa thuén trong Hop dﬁng thi ¢6 trach nhiém théng bao cho
Bén kia trong 10 ngay lam viéc ké tir ngy xdy ra sy kién bét kha khang. Hai bén c6 trach
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nhiém phdi hop x4c dinh nguyén nhan va bdo cdo co quan quan ly nha nudc cod thim
quyén dé giai quyét theo quy dinh ciia phap luft.
3. Hai bén cam két thuc hu;n ding céc quy dinh cua Hop dbng va c6 trach nhiém hop tac
giai quyét cac vudng mic phat sinh trong qua trinh thuc hién. Bén vi pham cac cam két
trong Hop ddng phai chiu trach nhiém theo quy dinh phap luat.
4. Moi tranh chap phat sinh trong qué trinh thuc hién Hop déng do céc bén thuong luong
hoa giai dé g1a1 quyet Trlmng hop khong hoa giai dugc thi mot trong hai bén ¢6 quyén
dua tranh chép ra dé giai quyét theo quy dinh ciia phap lujt.
5. Hop dbng tu dong thanh Iy khi hai bén hoan thanh nghia vu theo hop dong da duoc ky
két. Trong truong hop thanh ly dé tai (néu c6), bén B hoan tra s tién da dugc Hoi dong
thanh ly dé tai két luén trong ni dung cia Bién ban hop hdi dbng thanh Iy dé tai. Bén B
thyc hién viéc hoan tra bing hinh thirc chuyén khoan vao tai khoan sau ddy cua Trudng
Dai hoc Su pham K§ thuét trong thoi han 30 ngay ké tir ngay hop héi dong thanh ly de
tai, chi tiét théng tin nhu sau:

- Tén tai khoan: Trudong Pai hoc Su pham Ky thuat.

- Sb tai khoan: 56110001076650 tai Ngan hang BIDV chi nhanh P2 Nang.
" Piéu 10. Hiéu hrc cia Hop dong
Hop ddng nay c6 hiéu lyc tir ngay ky. Hop déng nay dugc 1ap thanh 06 ban (01 ban gdc
va 05 ban chinh) va c6 gi4 tri nhu nhau, Bén A giir 02 ban, Bén B giir 04 ban c6 gia tri
phép ly nhu nhau.
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Delivery System in Simulated Intestinal Fluid
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Abstract— Quercetin, a natural flavonoid commonly found
in fruits and vegetables, has been shown to have the potential to
support the treatment of intestinal diseases due to its anti-
inflammatory, antioxidant, and immunomodulatory properties.
However, quercetin can degrade in the acidic environment of
the stomach, limiting its intestinal absorption. In this study, two
types of pectin, low methoxyl pectin (LMP) and amidated low
methoxyl pectin (ALMP), were used to encapsulate quercetin
via CaCl-induced ionotropic gelation. Additionally, a Tween
80-modified formulation (ALMP-Tween80) was developed by
incorporating Tween 80 at a quercetin-to-Tween 80 ratio of 1:10
into the pectin solution before gelation. The encapsulation
efficiency and quercetin release in simulated intestinal fluid
were evaluated using UV-Vis spectrophotometry. Results
showed that ALMP-Tween80 beads had the highest
encapsulation efficiency and more sustained release compared
to LMP and ALMP formulations. Scanning electron microscopy
revealed that ALMP-Tween80 beads exhibited smoother and
denser surface morphology, contributing to their enhanced
structural stability. These findings suggest that ALMP
combined with Tween 80 is a promising carrier for improving
quercetin stability and targeted intestinal delivery.

Keywords—FEncapsulation, simulated
intestinal fluid, release.

pectin, quercetin,

1. INTRODUCTION

Pectin has a typical structure consisting of linear chains of
a-(1—4)-D-galacturonic acid, with side branches made up of
rhamnose and other neutral sugars [1]. Low methoxyl pectin
(LMP), which has fewer than 50% of its carboxyl groups
esterified, forms gels in the presence of divalent ions and is
frequently used for drug encapsulation aimed at targeted
delivery to the colon [2]. LMP is characterized by its degree
of methylation (DM) and degree of amidation (DA), both of
which have a significant impact on its functional properties.

Intestinal diseases are increasingly prevalent due to
modern lifestyles, causing significant adverse effects on
health and quality of life. The utilization of pectin, a natural
polysaccharide, as a matrix for delivering therapeutic agents
targeting intestinal diseases offers considerable benefits,
primarily due to its gel-forming ability in the presence of
cations [3]. Pectin-based drug formulations can resist the low
pH environment of the stomach and are rapidly degraded by
colonic microorganisms, facilitating the targeted release of
active compounds in the intestine. Encapsulation with LMP
helps enhance the survival rate of the beneficial bacterium
Lactobacillus plantarum after exposure to acid and bile [4].
Research has demonstrated that the drug release process is
closely linked to the structural properties of calcium pectinate
matrices [5], [6], [7]. With its high safety and
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biocompatibility, pectin enhances therapeutic -efficacy,
reduces side effects, and meets the need for effective and
biocompatible treatment approaches for intestinal diseases.

Quercetin is a natural flavonoid with the potential to treat
inflammatory bowel disease and irritable bowel syndrome. Its
benefits stem from its ability to reduce intestinal mucosal
damage, neutralize free radicals that harm cells, inhibit the
activity of inflammatory enzymes, promote the growth of
beneficial gut microbiota, and suppress pathogenic bacteria
[8], [9], [10]. However, research indicates that quercetin is
unstable in the acidic environment of the stomach, leading to
significant degradation and reduced intestinal absorption [11].
Therefore, utilizing pectin, which can resist the stomach's
acidic environment, to encapsulate quercetin is a strategy
aimed at releasing this active compound in the intestine,
thereby optimizing its therapeutic efficacy for intestinal
diseases. Encapsulation is designed to improve the stability
and bioavailability of quercetin. Several studies have
indicated that low methoxyl pectin (LMP) and amidated low
methoxyl pectin (ALMP) are suitable for encapsulating
bioactive compounds, as they allow for controlled release
under intestinal conditions [12], [13].

In this work, we aimed to develop quercetin-loaded
calcium pectinate beads using LMP and ALMP, with the goal
of enhancing quercetin’s intestinal stability and controlled
release. We studied the impact of the type of pectin on the
bead structure, encapsulation efficiency, and release of
quercetin in simulated intestinal fluid. Two types of pectins
were studied (amidated and non-amidated lowly methylated
pectins). We determined the encapsulation efficiency and
evaluated the release rate of quercetin in simulated intestinal
fluid using UV-VIS spectroscopy. The morphology and
surface structure of the capsules were analyzed using scanning
electron microscopy (SEM), a widely used method for
assessing the microstructure, porosity, and surface
characteristics of encapsulation systems, which are critical to
understanding their performance and release behavior.

II. MATERIALS AND METHODS

2.1. Materials

Quercetin (purity = 98%) was obtained from Biobomeli,
China. Purchased from Gino, China, the low methoxyl pectin
(LMP) (citrus pectin, PC210 DE = 30+3, DA = 20£3) and
amidated low methoxy pectin (ALMP) (citrus pectin, PC200Y
DE = 2743, DA = 2243). Tween 80 (Polysorbate 80) was
provided by Guanghua Technology, China. Sodium chloride
and calcium chloride were purchased from Xilong, China. All
other reagents were analytical grade.
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2.2. Encapsulation of quercetin in calcium pectinate beads
and bead characterization

2.2.1. Encapsulation of quercetin in calcium pectinate beads

Quercetin was encapsulated using the ionotropic gelation
technique, following the protocol outlined by Chambin et al.
[9]. To initiate the preparation of polyuronate solutions, LMP
at 30 g/L, and ALMP at 40 g/L in a 0.01 M NaCl solution
maintained at a pH of 5. This pH was achieved and maintained
by manually adjusting with 0.1 N NaOH under continuous
stirring, and monitored using a calibrated pH meter. This was
achieved by rigorous magnetic agitation at 750 revolutions per
minute for a duration of 1 hour. The concentrations of
galacturonic acid (GalA) in these solutions were determined
by calculating the dissolved oxygen (DE) and dissolving acid
(DA) values of the polyuronates. The findings revealed that a
concentration of 30 g/L of LMP, and 40 g/L of ALMP were
associated with approximately 119 and 120 mM of GalA,
respectively. 6.25 g of Tween-80, a surfactant, was added to
the ALMP pectin solution and dissolved by stirring.

Next, 625 mg of quercetin was crushed and dispersed into
the pectin solutions at room temperature. This was achieved
through a combination of stirring for 30 minutes, preparing the
mixture for the gelation process. The resulting dispersion was
then pumped and added dropwise into a 0.75 M CaCl, solution
with a pH of 4.5-5. For this procedure, a 60ml cylinder is used,
connected to a drip tubing with a rate of 20 drops/ml, a drip
tube diameter of 1.2 mm, a stirring speed of 200 rpm, and a
falling distance of 12 cm. The contact with CaCl, triggered
immediate cross-linking, leading to the formation of pectinate
beads.

The beads were collected and desiccated at 40°C for 48
hours after a 5-minute curing period in the CaCl, solution.
Subsequently, they were maintained at 4°C until they were
subjected to additional analysis. The beads, classified as
ALMP-Ca, ALMP-Tween80-Ca, and LMP-Ca, were
evaluated for their size and morphology after drying. A drying
oven was employed to measure the water content of the
desiccated beads at 150°C until weight stabilization was

achieved.

Pectin dispersion

+ Quercetin
[ b E “ -
(b ®
4 H‘ ~”'-. ]
— Drying
(40°C, 48h)
0.75 M CaCl,
solution

Fig. 1. Schematic representation of quercetin-loaded pectin beads
preparation using CaCl-induced gelation.

2.2.2. Encapsulation efficiency (EE) and encapsulation yield
(EY) measurements

The encapsulation efficiency (EE) and encapsulation yield
(EY) for each bead type were determined by immersing 500
mg of beads in 500 mL of phosphate buffer solution at a pH
of 6.4. The mixture was stirred until the beads were
completely degraded.

The diluted sample's absorbance was quantified at a
wavelength of 390 nm using a UV-spectrophotometer. A
standard curve was generated to quantify the concentration of
quercetin, encompassing a concentration range of 5 mg/L to
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30 mg/L (R?>0.97). To guarantee precision, all experiments
were carried out in triplicate.

The EE and EY of quercetin in the calcium pectinate beads
were then calculated using the following equations (1) and (2):

EE(%)=g—jx 100 (1)

QE
EY (%)=—=—x 100
0= @)
In these equations, QO represents the amount of quercetin
encapsulated, Or is the total amount of quercetin used; Qu is
the total amount of beads.

2.2.3. Water uptake study

500 £ 1 mg of each type of beads (ALMP-Ca, ALMP-
Tween80-Ca, and LMP-Ca) were soaked in 500 mL of
phosphate buffer (pH 6.4) at room temperature with magnetic
stirring at constant speed (200 rpm). The beads were
periodically removed (every 5 min for 40 min, every 10 min
for 60 min, and every 15 min for 150 min), drained with filter
paper to remove excess water, weighted and then replaced in
the medium [14]. Then the change in weight was measured
and the water uptake was calculated using Eq. (3). All
experiments were performed in triplicate.

Wt—Wo

Water uptake (%)= x 100

)

where w; is the weight of the beads at a specific time, and wo
is the initial weight of the dry beads.

Wo

2.2.4. Dissolution studies in simulated intestinal fluid
conditions

Accurately weighing approximately 500 + 1 mg of each
bead variety, it was introduced into 0.5 L of simulated
intestinal fluid (phosphate buffer, pH 6.4). The dissolution
experiment was conducted at a temperature of 37 °C and a
paddle speed of 200 rpm. 3 mL samples were collected at
specific time intervals of 5, 10, 15, 20, 25, 30, 40, 50 and 60
minutes to monitor the release of quercetin, and then every 30
minutes for a total of 240 minutes. A spectro UV-VIS
spectrophotometer was employed to measure the absorbance
at 390 nm in order to ascertain the concentration of quercetin
in each sample.

The calculated and plotted percentage of quercetin
released over time was used for analysis. Reliable and
consistent results were guaranteed by conducting each
experiment in triplicate.

2.2.5. Scanning electron microscopy

The morphological properties of the modified ALMP-Ca,
LMP-Ca, and ALMP-Tween80-Ca matrices with
encapsulated quercetin were evaluated using field emission
scanning electron microscopy (FESEM, HITACHI S-4800,
Japan). Prior to imaging, the samples were coated with a thin
layer of platinum using a Pt coater (HITACHI E1054).
Imaging was performed at an accelerating voltage of 10 kV.

III. RESULTS AND DISCUSSION

3.1. General properties of beads

Pectin beads were swiftly formed through ionotropic
gelation when the pectin solution containing quercetin fell into
contact with calcium ions. This process took place at pH 5,
where about 94% of the carboxylic groups were ionized into
carboxylate ions. The ionization induced both inter- and
intramolecular electrostatic repulsions, promoting the cross-
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linking of pectin chains through Ca?** binding to the carboxyl
groups. Beads were collected before and after drying, and their
physicochemical characteristics, such as the size of wet and
dried beads, water content, encapsulation efficiency (EE), and
encapsulation yield (EY), were determined. The findings from
these measurements are presented in Table 1.

TABLE L. ENCAPSULATION YIELD (EY) AND ENCAPSULATION
EFFICIENCY (EE) OF PECTIN BEADS.
ALMP-
ALMP-Ca Tween80-Ca LMP-Ca
Size of
Wel | 4534067 | 11,18£191 711 £ 1,56
beads
(mm)
Size of
dried | ) 60+ 0,40 6,57 + 1,69 427+ 1,30
beads
(mm)
Shape ﬁ i
of dried ﬂ: = EEEE CHEEE
beads tﬂ,& {E
Water
content 282 +1,7 21,5+2,7 299+39
(%)
EE (%) | 784 +14.9 80,0 £ 12,2 82,1+83
EY (%) 43+0,2 4,6 +0,1 4,0+0,1

The encapsulation yield (EY) and encapsulation
efficiency (EE) of pectin beads were evaluated for three
different formulations: ALMP-Ca, ALMP-Tween80-Ca, and
LMP-Ca. The results indicate significant differences in bead
size, water content, and encapsulation performance
depending on the formulation used.

The size of wet beads varied among the formulations, with
ALMP-Tween80-Ca producing the largest beads (11.18 +
1.91 mm), followed by LMP-Ca (7.11 + 1.56 mm) and
ALMP-Ca (4.53 £ 0.67 mm). A similar trend was observed
for dried beads, where ALMP-Tween80-Ca retained the
largest diameter (6.57 £ 1.69 mm), suggesting that the
addition of Tween 80 influenced the bead formation process,
potentially enhancing swelling. The smallest dried beads
were found in the ALMP-Ca formulation (2.60 = 0.40 mm),
which may be attributed to a higher shrinkage rate during the
drying process.

The morphology of dried beads further highlights
structural differences among formulations. Beads from
ALMP-Tween80-Ca appeared more irregular in shape
compared to the other formulations, which may be due to the
presence of surfactants affecting gelation dynamics, creating
arelatively loose structure. Meanwhile, ALMP-Ca and LMP-
Ca showed more compact structures, potentially leading to
different release characteristics in applications.

Water content analysis revealed that LMP-Ca had the
highest moisture content (29.9 + 3.9%), while ALMP-
Tween80-Ca exhibited the lowest (21.5 £2.7%), indicating a
more efficient dehydration process in the presence of Tween
80. Lower water content may contribute to improved stability
and shelf life, making ALMP-Tween80-Ca a favorable
option for controlled-release applications.
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In terms of encapsulation efficiency (EE), all formulations
demonstrated high efficiency, ranging from 78.4% (ALMP-
Ca) to 82.1% (LMP-Ca). The higher EE in LMP-Ca may be
attributed to stronger interactions between the low-methoxyl
pectin (LMP) and calcium ions, leading to enhanced
entrapment of active compounds. This finding is also
supported by a previous study [2]. Meanwhile, ALMP-
Tween80-Ca exhibited a slightly higher encapsulation yield
(EY) at 4.6 + 0.8%, which suggests that Tween 80 may have
positively influenced the encapsulation process by improving
the dispersion of the encapsulated material within the matrix.
Despite the high EE values, the relatively low EY (4.0-4.6%)
is likely due to the material loss during lab-scale processing,
including adhesion to equipment, incomplete gelation, and
losses in filtration or drying. These common limitations affect
overall quercetin recovery and highlight the need for process
optimization in future scale-up.

3.2. Water uptake study

Figure 2 illustrates the water uptake kinetics of three types
of pectin beads (ALMP-Ca, LMP-Ca, and ALMP-Tween80-
Ca) in intestinal fluid at pH 6.4. ALMP-Ca beads initially
show a high water absorption rate, peaking between 30 and 60
minutes. However, after approximately 120 minutes, a sharp
decline occurs, resulting in negative water content values.
These negative values do not represent actual water uptake,
but rather indicate substantial disintegration and mass loss of
the beads, causing the measured weights to fall below their
initial dry mass.

LMP-Ca beads maintain a more stable water absorption
profile, with positive values throughout the study period. This
stability may be attributed to a more robust gel network that
withstands the intestinal fluid environment.

ALMP-Tween80-Ca bead exhibit higher water absorption
than LMP-Ca, reaching a maximum around 60 minutes before
gradually decreasing. Unlike ALMP-Ca beads, they do not
experience a sudden decline and maintain positive water
content values until the end of the experiment. This indicates
that Tween80 may stabilize the gel structure, delaying
degradation.

—&— ALMP-Ca

—&— [LMP-Ca

—&— ALMP-Tween80-Ca

100 -

‘Water uptake, %

%3
=}
L

. . . . . T ;
45 60 75 90 105 120 135 0

30

-50 4

2100 - Time (min)

Fig. 2. Kinetics of water uptake of pectin beads in intestinal fluid (pH 6.4) (n
= 3): symbols for ALMP-Ca, LMP-Ca, and ALMP-Tween80-Ca beads are
filled diamonds, filled triangles, and filled squares, respectively.

Our results have shown a high capacity of water uptake of
ALMP-Ca in comparison with LMP-Ca, in agreement with
Sriamornsak and Kennedy [15]. This may be due to the ease
of creating hydrogen bonding between amide groups with
water molecules [16].
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The incorporation of Tween80 appears to enhance the
stability of the gel network by reducing hydrophobic
interactions, thereby maintaining the structure over a longer
period. Similar observations have been reported in studies
where the addition of surfactants improved the stability and
controlled release properties of pectin-based beads [17].

3.3. Dissolution studies in simulated intestinal fluid

In vitro experiments were conducted to assess the release
of quercetin from three varieties of beads (ALMP-Ca, ALMP-
Tween80-Ca, and LMP-Ca) in a simulated intestinal fluid
(Phosphate buffer, pH 6.4, at 37 °C). The dissolution profiles
are depicted in Figure 3 and Figure 4.

Figure 3 illustrates the quercetin concentration profiles
over 240 minutes. Among the three formulations, ALMP-
Tween80-Ca (black line, filled squares) exhibited the highest
quercetin release, both in terms of the initial rapid release
phase and the final achieved quercetin concentration. This
suggests that Tween 80 played a crucial role in enhancing the
solubility and diffusivity of quercetin, allowing for more
efficient release into the surrounding medium. The surfactant
properties of Tween 80 likely facilitated the disaggregation of
quercetin molecules, reducing intermolecular interactions that
could otherwise limit release.

The ALMP-Ca beads (red line, filled diamonds) displayed
an intermediate quercetin concentration profile, releasing a
greater amount of quercetin than LMP-Ca but significantly
less than ALMP-Tween80-Ca. This indicates that while the
pectin matrix in ALMP-Ca allows for quercetin diffusion, the
absence of Tween 80 results in a slower dissolution rate. The
interactions between polymer chains within the ALMP-Ca
structure may create a barrier that partially restricts quercetin
diffusion, explaining the moderate release kinetics observed.
This observation is consistent with the water uptake behavior
shown in Figure 2. ALMP-Ca beads initially absorb water
rapidly, peaking between 30 and 60 minutes, which could
facilitate quercetin diffusion.

In contrast, the LMP-Ca system (blue line, filled triangles)
demonstrated the lowest quercetin concentration over time.
This can be attributed to the stronger gel network formed by
LMP in the presence of calcium ions. The highly crosslinked
structure of LMP-Ca creates a more rigid and less porous
matrix, thereby restricting quercetin diffusion and leading to a
slower overall release. Figure 2 further supports this by
showing that LMP-Ca beads maintain a stable and low water
uptake profile, suggesting a more compact gel structure. The
limited swelling ability of LMP-Ca likely reduces quercetin
mobility, resulting in the slowest release among the three
formulations.

These findings align with previous research on improving
quercetin’s bioavailability. In the study by Vu et al. [18],
quercetin was formulated as a phytosome complex and
incorporated into hard capsules to enhance its solubility and
absorption. The results showed that capsules containing
quercetin phytosome achieved over 90% dissolution within 45
minutes, significantly higher than free quercetin. Similarly,
the study highlighted the role of Tween 80 in enhancing drug
release. When combined with disintegrants like sodium starch
glycolate, the formulation exhibited faster quercetin
dissolution, aligning with our findings that ALMP-Tween80-
Ca exhibited the highest release efficiency [18].
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Fig. 3. Quercetin release profiles of pectin beads in simulated intestinal fluid
(pH 6.4): ALMP-Ca (filled diamonds), LMP-Ca (filled triangles), and
AIMP-Tween80-Ca (filled squares).
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Fig. 4. Percentage of quercetin release from pectin beads in simulated
intestinal fluid (pH 6.4): ALMP-Ca (filled diamonds), LMP-Ca (filled
triangles), and ALMP-Tween80-Ca (filled squares).

Figure 4 presents the percentage of quercetin released
from each bead formulation over the study period. A clear
biphasic release pattern was observed for all three
formulations, with an initial rapid burst release phase
occurring within the first 30 minutes, followed by a more
controlled and gradual release. This initial burst is likely due
to the diffusion of surface-bound quercetin, whereas the
subsequent slower release is associated with the gradual
erosion or swelling of the pectin matrix.

The ALMP-Tween80-Ca beads (black squares) again
showed the highest percentage release, reaching
approximately 90% at equilibrium. The high release
efficiency suggests that Tween 80 not only improves quercetin
solubility but also enhances its mobility within the polymer
network, allowing for more efficient diffusion out of the
beads. This highlights the potential of surfactant-modified
pectin formulations in improving drug bioavailability.

This phenomenon can be further explained by the water
uptake trends observed in Figure 2. Initially, ALMP-
Tween80-Ca beads exhibit high water uptake, promoting
matrix swelling and enhancing quercetin diffusion into the
surrounding medium. However, after approximately 120
minutes, the polymer network begins to degrade, as indicated
by the decline in water uptake. This structural breakdown
reduces quercetin retention within the beads and may also
hinder controlled release. Consequently, the quercetin
concentration in the medium reaches a plateau, suggesting that
most of the readily available quercetin has been released,
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while the remaining fraction is either trapped within the
disintegrated matrix or diffuses at a slower rate.

The ALMP-Ca beads (red diamonds) exhibited a moderate
release profile, achieving around 60% quercetin release by the
end of the experiment. This indicates that the ALMP-Ca
matrix does not impose significant diffusion barriers but still
retains quercetin within its structure to some extent. The
absence of a surfactant like Tween 80 likely results in stronger
quercetin-pectin interactions, slowing the overall release
process. This observation aligns with previous research on
polymeric microparticles, where quercetin-chitosan-alginate
microspheres (with a ratio of 2:15:30) exhibited sustained
quercetin release. The absence of additional surfactants led to
a more controlled release pattern, with drug release limited to
63.45% in chitosan-enriched formulations at pH 6.8 after 7
hours [19].

The LMP-Ca beads (blue triangles) displayed the lowest
percentage release, reaching only about 50% at equilibrium.
This is consistent with the results from Figure 2, reinforcing
the idea that the strong gel network of LMP-Ca significantly
hinders quercetin diffusion. The high degree of crosslinking
and compact structure of LMP-Ca may reduce water uptake
and polymer swelling, further limiting the drug release
process.

3.4. Scanning electron microscopy analysis

Scanning electron microscopy (SEM) images (Figure 5)
reveal distinct microstructural differences among the three
types of pectin microparticles: (a) ALMP-Ca, (b) LMP-Ca,
and (¢) ALMP-Tween80-Ca.

(@)
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Ca roEre
S 4800 10.0kV/ S 4800 lO 0kV S- 4800 10. OkV S-4800 10.0kV
8.0mm x 20.0k 8.0mm x 15.0k 8.0mm x 5.0k 8.0mm x 2.0k
SE(M) ) 3.00um SE
2 —=
(b)
LMP-Ca
S-4800 10.0kV/ S-4800 10.0kV/ S-4800 10.0kV/ $-4800 10.0kV
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Fig. 5. Scanning electron microscopy (SEM) images of pectin beads
encapsulating quercetin: (a) ALMP-Ca, (b) LMP-Ca, (c) ALMP-Tween80-
Ca.

ALMP-Ca beads exhibit a porous structure with numerous
cracks and a heterogeneous surface, indicating a loose
network that facilitates rapid water uptake. In contrast, LMP-
Ca beads display a rigid surface with fewer voids, suggesting
a more robust gel structure due to stronger cross-linking with
Ca?" ions. Notably, ALMP-Tween80-Ca beads present a
homogeneous structure with reduced porosity compared to
ALMP-Ca, reflecting enhanced gel stability in the presence of
Tween 80. Tween 80, a non-ionic surfactant, enhances the
dispersion of hydrophobic compounds-quercetin. In bead
formation, it reduces hydrophobic forces, creating a more
homogeneous gel while influencing water uptake, porosity,
and structural properties.
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These observations align with water absorption results
(Figure 2). ALMP-Ca beads rapidly absorb water within the
first 30 - 60 minutes; however, after 120 minutes, a significant
decrease in absorbed water is observed, indicating the collapse
of the polymer network. This phenomenon can be attributed
to the breakdown of the porous structure observed in SEM
images. In contrast, LMP-Ca beads were not able to produce
high water absorption capacity, indicating high stability of the
network gel. This may be related to the strength of the LMP-
Ca matrix, which stabilizes the gel configuration and limits
quercetin release during the study period. Similarly, ALMP-
Tween80-Ca beads absorb more water than LMP-Ca but
remain stable without sudden collapse, suggesting that Tween
80 helps maintain gel integrity by reducing hydrophobic
interactions, thereby preventing premature disintegration of
the microparticles.

These findings are consistent with the study on calcium
pectinate beads containing rutin, where SEM images of the
study showed that the presence of sorbitol increased the
surface roughness and porosity, leading to higher water
absorption and faster rutin release [2]. Similarly, in our study,
the porous ALMP-Ca structure facilitated rapid hydration and
high rutin release, while the denser LMP-Ca matrix slowed
down the hydration and quercetin release. Notably, sorbitol
and Tween 80 acted as surfactants that stabilized the gel
network, modulating the structural and functional properties
of the pectin delivery system.

Additionally, these findings are consistent with the study
by Patricio et al. [20] on alginate-based beads, where SEM
images revealed that enzyme release from vacuum-dried
beads was much faster than from freeze-dried beads, probably
due to their higher pore size. Freeze-dried beads had a
smoother surface and smaller pores (~30 nm), in contrast to
vacuum-dried beads with larger pores (~100 nm).

Furthermore, the study by Wang et al. [21] reported that
whey protein isolate-pectin beads formed a solid gel network
with smaller pores at high pectin concentrations, as observed
in SEM images, resulting in a reduced release of quercetin.
This aligns with our findings, where the particles of LMP-Ca
have dense surfaces and a more rigid gel structure than
ALMP-Ca.

IV. CONCLUSION

This study demonstrated the fabrication of pectin-based
beads for quercetin encapsulation using ionotropic gelation.
The physicochemical properties, water uptake behavior, and
quercetin release profiles varied significantly among the three
formulations (ALMP-Ca, LMP-Ca, and ALMP-Tween80-
Ca). Among them, ALMP-Tween80-Ca beads exhibited the
highest encapsulation efficiency and a more sustained
quercetin release profile, suggesting that Tween 80 enhances
bead swelling and drug solubility. LMP-Ca beads, with their
highly crosslinked network, displayed the lowest water uptake
and slowest quercetin release, indicating potential for
sustained drug delivery applications. Scanning electron
microscopy revealed that ALMP-Tween80-Ca beads had a
smoother and denser surface morphology, contributing to
enhanced structural stability. These findings provide valuable
insights into the design of pectin-based delivery systems for
bioactive compounds, highlighting the potential of ALMP
combined with Tween 80 as a promising carrier for improving
quercetin stability and targeted intestinal delivery.
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HOQI PONG GIAO SUNHA NUGC CONG HOA XA HOI CHU NGHIA VIET NAM
Déc lap — Tu do — Hanh phice

Sé: off /QD-HDGSNN
Ha Néi, ngay M. thang F- ndm 2025

QUYET PINH
Phé duyét Danh muc tap chi khoa hoc dwgc tinh diém nim 2025

CHU TICH HQI PONG GIAO SU NHA NUGC

Can cir Quyét dinh sé 37/2018/0D-TTg ngay 31/8/2018 vé viéc ban hanh
quy dinh tiéu chuan, thii tuc xét cong nhdn dat tiéu chudn va bé nhiém chire danh
gidao su, pho gido su; thu tuc xét hiy bo cong nhdn chic danh va mién nhiém
chu"c danh gido su, phd gido su, dwoc sira @i, b6 sung mét sé diéu tai Quyét dinh
56 25/2020/0P-TTg ngay 31/8/2020 ciia Thii tuong Chinh phu,

Can cir Quyét dinh s6 300/0D-TTg ngay 14/4/2024 ciia Thii tudng Chinh
phii vé viéc thanh lgp Hoi dong Gidao su nha nucc nhiém ky 2024-2029;

Can cir Thong tw s6 04/2019/TT-BGDPT ngay 28/3/2019 ban hanh quy ché
t6 chitc va hoat dong ciia Hoi dong Gido su nha nuée, cde Hoi dong Gzao su
nganh, lién nganh va Hoi dong Gido su co s6, dwoc sita doi bé sung mot s6 diéu
tai Thong tw s6 06/2020/TT-BGDDT ngay 19/3/2020 cua Bj truong Bé Gido duc
va Dao tao,

Cén ci dé xudt cia cdc Hoi dong Gido su nganh, lién nganh nim 2025 vé
Danh muc tap chi khoa hoc dwoc tinh diém néim 2025;

Xét dé nghi ciia Chdnh Vin phong Héi dong Gido sw nha nuée.

QUYET PINH:

Piéu 1. Phé duyét Danh muc tap chi khoa hoc dugc tinh diém cta 28 Héi
dong Gido su nganh, lién nganh nam 2025 (danh muc kém theo).

Diéu 2. Quyét dinh nay c6 hiéu lyc thi hanh ké tir ngay ky.

Piéu 3. Cac Chu tich Hoi dong Gido su nganh, lién nganh, Chu tich Hoi
dong Gido su co s¢ nam 2025, Chanh Vian phong Hoi ddng Gido su nha nudc,
Thu trudng cac co s gido duc dai hoc, céc td chirc va ca nhan cé lién quan chiu
trach nhiém thi hanh Quyét dinh nay./.

Noi nhan:

- Nhu Diéu 3:

- Thuong truc HDGSNN;

- C4c HDGS nganh, lién nganh (dé thuc hién);
- C4c HDGS co so (dé thuc hién);

- Luu: VP.

CHU TICH

fguyén Kim Son




4O SU LIEN NGANH HOA HQC — CONG NGHE THU'C PHAM
nganh (Specialization):

T2 1164 hitu co (Organic Chemistry)

9.1.3. Hoa hoc céc hop chit thién nhién (Natural product Chemistry)

9.1.4. Hoa phan tich (Analytical Chemistry)

9.1.5. Hoa ly thuyét va hoa Iy (Theoretical and physical Chemistry)

9.1.6. Hoa sinh hoc (Biochemistry)

9.1.7. Héa dugc (Pharmaceutical Chemistry, Medicinal Chemistry)

9.1.8. Ky thuét hdéa hoc (Chemical Engineering)

9.1.9. K§ thuat héa dau va loc dau (Petrochemical Engineering and oil Refining)
9.1.10. Hoa sinh duoc (Pharmaceutical Biochemistry)

9.2. Cong nghé thuc phiam

9.2.1. Cong nghé thuc pham (Food Technology)

9.2.2. Céng nghé sau thu hoach (Postharvest Technology)

9.2.3. Cong nghé ché bién thiy san (Fish Processing Technology)

9.2.4. Cong nghé sinh hoc (Biotechnology)

9.2.5. Pam bao chit lwgng va an toan thuc pham (Quality Assurance and food Safety)
9.2.6. Kiém nghiém thudc va doc chat (Drugs quality Control and Toxins)

9.3. Cong nghé vit li¢u

9.3.1. Khoa hoc vit liéu (Materials Science)

9.3.2. Vit liéu cao phén tir va to hgp (High molecular and composite Materials)
9.3.4. Kim loai hoc (Metalology)

9.3.5. Cong nghé vat liéu dét may (Textile material Technology)

9.4. Hoa moi tricong

9.4.1. Hoéa moi trudng (Environmental Chemistry)

9.4.2. Khoang vét hoc va dia hoa hoc (Mineralogy and Geochemistry)

9.4.3. Mbi trudng dit va nude (Soil and water Environment)

9.4.4. Pdc hoc mdi truomg (Environmental Toxicology)

b) Danh muc tap chi dwge tinh diém:

TT Tén tap chi Chi s§ ISSN | Loai Co quan xuit ban Diém
SCIE (IF >2,0) 0-3,0
| e chi Koo Tapehi | SCIE (F <20)
SCIE, Scopus (IF < 1,0) 0-1,5

Céc tap chi khoa hoc . | Do HPGSLN quyét dinh 4~ LA Onlf“e

> QU6C té khac Taprelt ting truong hop cu thé. b= Oéliilihong
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(Kém theo Quyét dinh s6: 26/0D-HPGSNN ngay 11 thdng 7 nim 2025)° i

Béo cdo khoa hoc tai hoi

Pang toan van tron“gJ(S(:"'-;A i
yéu (Proceedings)icé ' | .

(0866-7004)

@ ngE}i ,I;h Oa.};loz mc & Kyyeu phan bién khoa hot, .co iy ] % /
Dang toan vén trong ky , =
Bao cdo khoa hoc tai ) yeu (Proceedings) c6
4, héi' nghi khoa hoc Ky yéu | phan bién khoa hoc, tir ’ 0-0,5
quoc gia nam 2017 phai c6 chi so
ISBN
Communications in Tap chi | Vién Han 1am Khoa hoc va
B | Phdies OB633ISE | * A0h | O nighs Vist Nam =L
1811-4989 B S
. o 2815-5955 _ | Vién Han 1am Khoa hoc va o
6. Cong nghé Sinh hoc 628152912 Tap chi Céing nghé Vigt Nam 0 (—Li;ﬂctlt\rn%g)w
7. | Cong nghiép Hod chét 0866-7004 | Tap chi ;ifnd"an Eimashar Vist 0-0,5
Coéng thuong (7én cii:
Cong nghiép) bao gbmca | 0866-7756 : 5 ooy
8. &1 phibh Khoa hot VA (0868-3778) Tap chi | B§ Cong thuong 0-0,5
Cong nghé
9. | Déu khi DRGs-e5A% | Tapeant | TOPCSALDAN KM Onoe 0-0,5
gia Viét Nam
0866-7861 .
10. | Duoc hoc Tapchi | Bo Y té 0-0,5
(0866-7225)
. . i, _ ; 0—0,5 trude 2019
11. | Duoc liéu 1859-4735 | Tap chi | Vién Dugc liéu, BO Y té
0—0,5 tir 2020
2354-0818
12. | Giao thong véan tai e-2615-9791 | Tap chi | Bo Giao thong vén tai 0-0,5
(0866-7012)
0-1,0
‘ ‘ 2525-2321 | Tapchi | e
13 Hoéa hoc (Vretnan.q 2572-8288-E|  ACI V}‘én Han Alérr?AKhoa hocva | 0 = l,ittr 2021
Journal of Chemistry) ——— Coéng nghé Viét Nam (Ban tiéng Anh)
; HEGPUS 01,75 tir 2025
(Bén tiéng Anh)
14, |Hoahocva Congnghi®p | necc 7004 | Tap chi | Bo Cong thuong 0= 0,5 trude 2003
hoa chat 3
) o 1859-4069
15. | Hoa hoc va ung dung Tap chi | Hoi Hod hoc Viét Nam 0-0,5
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